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Ever since your program chairman 
dropped the mantle of prophecy on my 
shoulders by assigning this topic to me, 
I have been hopefully awaiting the 
flashes of divine revelation supposedly 
granted to prophets. None has been 
forthcoming. Whenever I peer into the 
crystal ball it seems alternately to be 
cloudy, or a flicker of conflicting images. 

Where conservation research should 
go and where it actually will go may 
possibly be quite different destinations. 
In the past, research planning has been 
of two major types. First, the plan con- 
ceived in idealism by the scientist, with 
priorities and approaches charted in the 
light of his best professional knowledge 
and judgment. Then there is the plan 
which emerges after various conferences, 
hearings, and pitched battles involving 
research people, administrators, barber 
shop biologists, and budget directors. 
The two plans rarely display any close 
resemblance. All of us know which plan 
has most often been adopted. 

In attempting to prognosticate, how- 
ever vaguely, the course of the future 


1 An invitation paper presented at the gen- 
eral session of the Fifteenth Annual Midwest 
Wildlife Conference, Chicago, Illinois, Decem- 
ber 9, 1953. 


in conservation research, I feel that the 


‘biggest hurdle is the obstacle of public 


opinion. Only when we have created a 
foundation of research-established facts 
sufficiently adequate and obvious to 
earn public confidence can we plan for 
the future serene in the thought that 
our course can be charted without inter- 
ference from influential but unenlight- 
ened sources. 

The task may be greater than we 
suspect. It is significant that even mem- 
bers of such generally accepted fields as 
medical and industrial research are pub- 
licly viewing with apprehension the 
growing wave of popular: anti-intellec- 
tualism. While few of us in conservation 
would think of ourselves as longhairs or 
eggheads moving in an atmosphere of 
rarified intellectualism, it sometimes ap- 
pears that anyone who can pronounce a 
three-syllable word without stumbling 
may be viewed askance. Despite the 
very real contributions research has al- 
ready made to fish and game manage- 
ment a significant portion of our citi- 
zenry still has greater regard for the 
management ideas of the Indian guide 
or the unlettered backwoodsman than 
for those of the professionally competent 
fact finder. 
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I believe that our greatest difficulty 
lies not in any failure of research to pay 
off but in our failure to obtain popular 
recognition and realization of its many 
successes. You are familiar, I am sure, 
with the three classical steps by which 
a new idea is accepted: (1) “I never 
heard of such a damfool notion!’ (2) 
“That isn’t a problem in our area;” 
and (3), after the step has been taken, 
“Why, we’ve always done it that way!” 
Unless we can help people to see how 
they are benefiting from past research, 
there may be no future to plan for. 
Looking to the future, we see that the 
same broad problem still confronts us— 
the problem of learning how to increase 
carrying capacities and productivity, al- 
ways within the bounds of economic 
feasibility, and of learning how to insure 
adequate and equitable utilization of 
surpluses. The task is more challenging 
than ever because enough gains have 
been made to fire enthusiasm that more 
sweeping advances may come soon. 
However, one hears murmurings and 
mutterings, in recent years, that the 
momentum of the thirties and early 
forties seems to have run down. That 
conservation research is spinning its 
wheels, exerting strenuous effort with- 
out making the progress its earlier mo- 
mentum promised. That for some rea- 
son we seem to have run out of origi- 
nality and creative thought. That we 
continue to travel down trails that were 
daring, imaginative and venturesome a 
quarter-century ago but now are safe 
and humdrum. Trails that led us quite 
a way toward our goal but which seem 
now to have turned into a traffic circle 
from which we are having trouble 
extricating ourselves. 
These grumblings, I confess, come 
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most audibly from oldsters like myself. 
Perhaps men of my generation are 
simply indulging in the time-honored 
prerogative of senility in thinking things 
are going to the dogs. But it may be 
profitable for us to give a little thought 
to the various factors that appear to 
have bearing on the quality and origin- 
ality of research. In this consideration 
I have profited from recent correspon- 
dence with a number of leaders in our 
field and from perusal of several 
thought-provoking articles. 

The surprising thing, perhaps, is the 
wide area of agreement in all these 
expressions. Most of them unite in the 
belief that the most important single 
factor conditioning the quality of re- 
search is the atmosphere in which it is 
conducted. C. E. Weinland (1952) has 
pointed out that while many have be- 
lieved that real creativity in art or 
science is born, and cannot be developed, 
recent work by psychologists seems to 
offer considerable hope that this fatalistic 
view is fallacious and that in the proper 
environment, creative capacity for re- 
search can be developed. After referring 
to the familiar saying that the research 
scientist is spurred on by “curiosity,” 
the inventor by “laziness,” the indus- 
trialist by “ambition,”’ this author states 
that whatever the drive may be called, 
every human must possess, to a greater 
or less degree, the desire to respond to 
the challenge of the situation. And the 
degree and quality of resporse may be 
to a considerable extent governed by 
the environment in which it is exercised. 
Indeed, Toynbee attributes to this 
desire to meet the challenge of the 
situation the growth of whole civiliza- 
tions and cultures. 

It would seem clear, then, that the 
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key task of the administrator is to 
create for his research staff the most 
salubrious working climate possible. 
With the best will in the world, this end 
may be difficult to attain. The record of 
research achievement, especially in in- 
dustry and medicine where the volume 
of such work is great enough to show 
trends, clearly indicates that group 
research may result in considerable 
mutual stimulation of group members. 
Group activity, directed toward so- 
lution of allied problems all bearing on a 
common objective, may produce an 
atmosphere and environment that bring 
out the best in the participants. In the 
opposite way, rigid and arbitrary direc- 
tion, which may condition the individual 
to do only what he is told, can stultify 
creativity. 

In conservation research organiza- 
tions the question of how the program 
should be organized, directed and pur- 
sued is almost always present. Rarely 
indeed today can a member of such a 
group feel free to select a problem and 
plan and pursue investigations leading 
to its solution purely on the basis of 
his personal tastes and preferences. If 
his training has dealt with some cir- 
cumscribed field, perhaps an animal 
species, or a restricted ecological situ- 
ation, he may reasonably expect that he 
may do quite a lot of work in that field. 
His special knowledge of it was probably 
a determining factor in his original 
employment. But priority of work 
within that field, and other problems 
outside of it, are almost sure to be 
assigned. 

Not only will work be assigned. Such 
are the pressures on a public agency 
that he will probably be urged to come 
up with answers before he himself, 


fresh from schooling in the ethics of 
science, feels he has answers ready. He 
may take comfort from the fact that if 
he is coerced into giving what he con- 
siders premature and inadequately 
founded advice, not he but the boss 
will take the blame if his educated guess 
ultimately turns sour. 

And it will behoove him to recognize 
at once that the administrator usually 
has to make decisions before all the 
facts are in and that it is better, in the 
main, for the administrator to act on 
the basis of incomplete scientific infor- 
mation than on pure hunch conditioned 
by public pressure. 

While so-called directed research is 
characteristic of many agencies, one 
of the matters rarely satisfactorily 
defined is the extent of direction 
desirable. In practice, direction is bound 
to vary with the experience and training 
of the man doing the work, with the 
nature of the problem, and with the 
attitude of the supervisor himself. It 
will be recognized that methodology 
and techniques must be standardized 
when the work of several people or 
groups—survey parties, for example—is 
to be combined for analysis and interpre- 
tation, and that continuous supervision 
may be necessary to attain this stand- 
ardization and uniformity. At the oppo- 
site extreme, in a case where an investi- 
gator of proved competence is to under- 
take an individual study, supervision is 
probably best limited to occasional con- 
ferences to discuss progress. In other 
words, the investigator may exercise as 
much freedom of choice in methods, 
techniques, and in final conclusions, as a 
purely independent worker. In the long 
run, needlessly detailed supervision may 
cause potentially able researchers to 
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degenerate into mere technicians, while 
inadequate direction is almost sure 
to result in incoherencies and incon- 
clusive, never-ending ‘‘programs,”’ and 
to encourage dilettantism. 


Certainly even the most rigidly super- 
vised research project should include 
opportunities for all participants to 
bring up new ideas which occur to them, 
and to have these ideas discussed and 
screened by more experienced workers 
in a sympathetic and constructive 
manner. Only by encouragement of 
such suggestions can administrators get 
the most from their research men, and 
help them to develop their maximum 
creativity. And the eager young re- 
searcher of today is the cynical, broken- 
down administrator of tomorrow. 


To borrow again from Weinland 
(op. cit.), research procedure usually 
entails, first of all, motivation on the 
part of the worker, definition of the 
problem, the search for the solution— 
which usually consists of search, frus- 
tration, relaxation, and renewed search, 
alternated—until final arrival at insight 
and solution. 


I believe we can see examples, in our 
field, of failure to comply with all or 
most of these steps. Motivation should 
always be present, if for no other 
reason than the continued lag of con- 
servation research salaries behind other 
fields of endeavor. Surely, few young 
men today will train for and enter this 
field without motivations strong enough 
to overcome their desire for material 
gain. Whether or not our problems are 
always adequately defined seems much 
more questionable. I am afraid they 
often are not, or are diverted and altered 
in progress by pressures of one kind or 


another until the original definition and 
objective are lost. 

One of the greatest obstacles to the 
development of real creativity and 
the results to which it leads lies in the 
difficulty of providing for periods of 
relaxation following frustration. True, 
the worker may reach the point where 
he realizes the pump is sucking air and 
that he might as well think of something 
else. But that something else is likely to 
be a bale of correspondence demanding 
attention, a few speeches to be made, 
or practice of some routine, hand- 
holding technology required to keep the 
customers happy but contributing little 
to the increase of knowledge or to the 
subconscious advance toward a solution 
of the worker’s original problem. The 
fact that more than one administrator 
has mentioned this need for the re- 
searcher to back off and let the engine 
idle for a while augurs well. But it 
requires from the administrator the 
same type of clairvoyance the poultry 
farmer has to exercise in deciding 
whether the cackling hen is laying or 
lying. 

When it comes to properly defining a 
problem, we may be able to borrow from 
other research disciplines. There has 
recently developed within the physical 
and engineering sciences a whole new 
field called operations research. Its 
function, stated in over-simplified form, 
is to select problems for study, to 
consider the available staff and assign 
phases of the problem to those best 
fitted, and further to decide how much 
time and money should be invested in 
the various phases, bearing in mind the 
inflexible operation of the law of 
diminishing return. 

It is, of course, far easier to apply 
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operations research in the physical than 
in the biological field. But it might be 
profitable to make the attempt, and 
also to be honest and objective about 
what we think research is, anyhow. 

Research on problems of fish and 
game started out and grew pretty much 
like Topsy. Usually the research staff 
consisted of only one or a few men, and 
the program was built up more around 
their individual abilities and preferences 
than according to an organized plan 
directed at well-visualized goals. 

If far-reaching plans were lacking a 
general pattern, at least, existed. This 
pattern included survey and inventory, 
life-history work, ecology (almost always 
piecemeal rather than coordinated), and 
somewhat later, population study. Our 
achievements to date, in research now 
embodied in management, are largely 
conclusions that could be fairly easily 
and obviously drawn from the pioneer 


investigations in these various activities. 
For quite a few years, it seems to me, a 
lot of our work has simply added weight 
to evidence gained fifteen or twenty 
years ago—desirable confirmation, un- 


doubtedly, and in many instances 
necessary in order to win public support 
for needed management, but not greatly 
extending our progress into the un- 
known. 

And what was once research does not 
automatically continue to be research 
henceforth and forever. In particular, I 
would like to blow a loud whistle on 
the notion that survey and inventory 
today are, in any large measure, to be 
designated as research. They are, rather, 
the routine practice of a profession. They 
require professionally trained men, they 
are absolutely essential to intelligent 
resource management, and they often 


reveal the existence of problems needing 
research. But they are themselves no 
more research than is the ‘work of the 
civil engineer sighting in a new highway 
right-of-way, or that of the physician 
removing an appendix in an uncom- 
plicated case in accordance with current 
professional practice. And I think we 
are deluding and misleading the license- 
buyers who pay the shot’ when we 
include such work in our published 
budgets under the heading of “re- 
search.” 

Of course, we still need a crystal ball 
in planning any research program. Most 
of us think of ourselves as biologists. 
But conservation today requires con- 
sideration of other fields as well. While 
we may devote ourselves with anima- 
tion and zeal to learning all we can about 
a single species in a restricted ecological 
niche we must consider the sociological, 
political, and economic aspects of re- 
source management. The wars and un- 
rest of the last decade have shown us 
how the expediencies dictated by na- 
tional emergency can force upon us 
compromise and destructive waste. In 
the sociological field it is particularly 
difficult to foresee the changes which 
may occur in public tastes and needs. 
No matter how much we may become 
absorbed with the problems of the 
resources themselves, we must not 
forget that we exist to serve the people. 
That people are our most important 
resource. And that, in fact, no resource 
has intrinsic value, but acquires value 
only as it is of use to people. Uranium, 
for example, was a resource of little 
value, existing only as a laboratory 
curiosity, until the Atomic Age broke 
upon us. The nickel and iron which 
cosmogonists tell us compose the earth’s 
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core have no value for us today, since 
we cannot utilize them. However much 
we may learn about how to foster a 
given resource, we must be mindful not 
to foster it to the destructive detriment 
of another, presently unappreciated, 
resource. Only about seventy-five years 
ago the carp was introduced in our 
waters, and contemporary accounts 
show that it was hailed with delight by 
the citizenry. Today we would be happy 
indeed if it had never crossed the sea. 
Just thirty years ago, in 1923, Michigan 
sold approximately thirty thousand deer 
licenses. This year we sold that many 
bow-and-arrow licenses alone. If anyone 
in 1923 had prophesied this army of 
archers, he would have been laughed 
out of town. 

While I have no intention of spelling 
out scores of specific research projects 
which seem to me to be crying for 
solution, I should like your indulgence 
to discuss some general areas within 
which we must have information. 

We need to refine and greatly extend 
our ability to estimate the size and com- 
position of populations. At present we 
feel fairly happy if we come up with 
an estimate, plus or minus 15 or 20 per 
cent, of an existing population. We 
are happy when we estimate, within 10 
per cent, the size of a season’s deer kill, 
or a year’s fish yield on a restricted water 
area. If, as has been said, predictability 
is the essential ingredient of policy, we 
can hardly hope for really sound man- 
agement policies until we can predict, 
within statistically defined limits of 
accuracy, the size and composition of a 
population two or three years in 
advance. 

Many workers feel that our most 
immediately urgent problem in manage- 


ment is that of learning the exact size of 
annual production surpluses, and work- 
ing out methods to insure adequate 
utilization. There is wide agreement 
that many of our fish and game resources 
are under-utilized at present, but no 
one is willing to say by how much. 

Prediction of populations in advance 
may seem too much to hope for, but 
we can take encouragement from the 
fact that predictions of farm crop 
yields, cattle production, even marine 
fisheries production, are constantly gain- 
ing in accuracy. 

The only thing wrong with work on 
life histories and ecology is that it 
hasn’t gone far enough, and in some 
areas seems to have ground to a highly 
premature halt. I wonder how many of 
us here would be willing to bet that 
habitat improvement, as presently prac- 
ticed, is the panacea the public seems 
willing to believe it to be? I think we 
need ecological studies that are co- 
ordinated to embrace wide geographic 
areas—a river basin, for example—as 
well as detailed analyses of micro- 
habitats. Future manipulations of the 
environment must incorporate as yet 
unmade discoveries in limnology and in 
soil science if they are to result in 
significant improvement in production of 
lake-inhabiting fishes or upland game. 

Life history studies must be extended, 
not only to the end products sought 
by the sportsman, but to the organisms 
which make up food chains, or compete 
for food or lebensraum with these end 
products. For that matter, who can 
name a single game fish, bird, or 
mammal about whose life we know 
enough? The broad steps, from birth to 
death, may be known, but how little 
indeed we know of their physiology, or 
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genetics, or behavior. Is there any 
reason why there might not be developed 
strains of trout which would thrive in 
85-degree water? Can we not breed 
fish with more desirable characteristics 
for small ponds and reservoirs, at least, 
where complete control of populations is 
economically feasible? Is there no chance 
for improving the viability of the 
creatures our customers desire? What 
profitable discoveries must be awaiting 
us in the field of population dynamics 
and behavior! Have we any ground for 
believing the behavior of the individual 
is the same when the population is n 
as when it is 5 n? 

Above all, it seems to me, is the need 
for better design of experiments; for 
the planning of observations before 
they are made. Men of my generation 
have been prone simply to get into the 
field, observe the habits and fate of a 
given species as thoroughly as possible, 
and then develop essentially subjective 
conclusions. We noted with regret and 
resentment the first tentative thrusts 
of the statistical approach into the 
essentially descriptive realm of natural 
history. We began to sense the desir- 
ability of the designed experiment, but 
often held back from it by rationalizing 
that the populations we were studying 
were too diffuse and mobile to lend 
themselves to this approach on a 
practical basis. 

Happily for the future of conserva- 
tion, we old pelts are being displaced 
on the firing line by younger men whose 
training has given them a better compre- 


hension of biometrical procedures, and 
who realize clearly that the time to plan 
a statistical analysis is before the 
observations are taken. No doubt many 
spurious conclusions have resulted from 
attempts to fit hit-or-miss data to 
statistical patterns. Cookbook statisti- 
cians are more often a menace than a 
help. 

At this point I should like to utter 
one more word of warning. Let us 
urgently hope that contemporary college 
training in the various aspects of con- 
servation will not give students any 
false sense of security. It would be 
tragic in the extreme if men now in 
training were to graduate with the 
comforting idea that enough facts, 
techniques and methodologies are now 
at hand to permit them to practice 
without constantly asking themselves 
questions. 

If they display persistence, imagin- 
ation, and a constantly questioning 
attitude they may, sooner then we 
think, establish conservation manage- 
ment and research as a true profession 
rather than as a hopeful technology. By 
extending and constantly integrating 
our advances in knowledge of ecology, 
physiology and population dynamics, 
we may soon practice with confidence 
and with as much public acceptance as 
is enjoyed by members of older, es- 
tablished professions. 
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THE WILD EUROPEAN RABBIT AND POSSIBLE 
DANGERS OF ITS INTRODUCTION INTO THE U.S.A. 


Harry V. Thompson 


Ministry of Agriculture and Fisheries, Infestation Control Division, 
Hook Rise, Tolworth, Surbiton, England 


At the suggestion of Arnold L. Nelson, this 
timely paper was obtained from Harry V. 
Thompson in order that wildlife administra- 
tors and biologists in the United States might 
be warned of the problems that may result 
from the introduction of Oryctolagus. 

Surely our science has reached a point where 
we are justified in condemning this ignorant 
and irresponsible gamble. 

It should be kept in mind that early attempts 
to introduce European rabbits into Australasia 
failed. It is to be hoped that the traffic in 
“San Juan’’ rabbits will cease before it is too 
late.—Eb. 


For at least 60 years the wild Euro- 
pean rabbit (Oryctolagus c. cuniculus L.) 
has flourished on the San Juan Islands 
off the coast of the State of Washington, 
being perhaps first released there when 
the Hudson’s Bay Company occupied 
the region. In the early 1900’s further 
releases of domestic varieties of this 
rabbit were made on islands of the 
group. It had reached plague numbers 
of over 30 to the acre on Smith Island 
by 1924 (Couch, 1929). They found 
that most of the succulent forage was 
eaten close to the ground and the vege- 
tation dominated by the rabbit-resistant 
bracken (Pteridium aquilinum pubes- 
cens), tarweed (Media exigua) and cheat 
(Bromus sp). Burrowing had caused 
erosion and the island was gradually 
decreasing in size as overhanging bluffs 
caved into the sea. By poisoning and 
fumigation, the rabbits were reduced in 
numbers. Examination of bodies showed 


many to be diseased and in poor con- 
dition. 

It is understood that these feral rab- 
bits are now being offered as stock to 
sportsmen’s clubs and to individuals for 
liberation under the name of “San Juan 
Rabbits” with no indication that they 
are not native. Biological literature is 
full of examples of the risks of intro- 
ducing non-indigenous animals or plants 
into a country. The European rabbit is, 
of course, notorious. Introduced into 
Australia, Tasmania and New Zealand 
in the early and mid-19th century for 
food and to remind the pioneers of 
home, the rabbit found itself virtually 
without eutherian competitors and pred- 
ators and spread rapidly over large 
parts of these countries. Coming to the 
Americas, the European rabbit was re- 
leased by sportsmen in Chile some 50 
years ago and is now a serious pest in 
that country, particularly on the island 
of Tierra del Fuego where it has so 
damaged the pasture that there have 
been heavy losses of sheep through mal- 
nutrition and the stocking capacity 
has been reduced. 


DAMAGE DONE By RABBITS 


It is quite impossible to assess the 
total damage done by rabbits in any 
country where they have become a pest. 
In Britain, with an estimated popula- 
tion of between 60 and 100 million wild 
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rabbits (M.A.F., 1954) the loss of agri- 
cultural crops must be very great indeed. 
Bare areas in a field of oats or wheat 
next to rabbit-infested woodland are 
obvious at harvest but the degree to 
which grazing of cereals goes on through- 
out the year is not always appreciated. 
A sample survey of damage to spring- 
sown wheat in the county of Kent in 
1950 showed that a loss equivalent to 
3 ewt. per acre was avoided by netting 
small areas against rabbits (Church, 
Jacob and Thompson, 1953). 

Grazing of autumn-sown cereals is 
even more serious, since the plants are 
growing slowly, food is scarce and quite 
small numbers of rabbits can destroy 
young plants over a large area. Some 
farmers find it difficult to believe that a 
few rabbits can completely graze down 
several acres of seedling corn in a week 
or, continuously grazing, can keep a 
dozen acres bare. Insects, poor seed, in- 
sufficient manuring and exhaustion of 
the land are often blamed for the ap- 
parent failure of the crop which on 
closer inspection is seen to be done by 
rabbits; the plants are present, although 
bitten off to within half an inch of the 
ground. The effect of grazing may vary 
from complete failure of all or part of a 
field to a slight or negligible loss, ac- 
cording to the intensity of the grazing 
and the conditions for crop growth and 
recovery. In 1950 a survey of over 13,000 
acres in Kast Anglia showed that 27 per 
cent of winter corn crops were reduced 
in varying degrees up to complete 
failure, because of rabbit grazing (Gough 
and Dunnett, 1950). Rabbit damage is 
most clearly demonstrated by netting 
a small plot in a field that is subject to 
severe grazing. While normal growth is 
seen within the netted plot, the rest of 


the field remains bare. A recent sample - 
survey of damage to winter wheat in the 
midlands, eastern and southern England 
showed that an average loss equivalent: 
to 1.6 ewt. of grain per acre was avoided 
by netting small areas against rabbits 
(Church et al., op. cit.). There are over. 
2,000,000 acres of wheat in Britain. and 
a loss of 1.6 ewt. of grain per acre is 
equivalent to not less than 160,000 tons 
of wheat, worth £5.2 million. Damage. 
of the same order has been observed. in 
other cereals and it is probable that the 
total annual loss of all cereals from rab- 
bits is around £15 million. 

The extent to which rabbits graze 
pasture is often underestimated but the 
work of Phillips (1953) indicates that, 
on a re-seeded pasture, they markedly 
reduce the overall yield of palatable 
species while increasing that of weeds. 
Continual rabbit grazing also had a de- 
pressing effect on the growth and estab- 
lishment of pasture. In a more recent 
experiment (Thompson and Armour, 
unpublished) an infestation averaging 
20 rabbits to the acre in 18 months re- 
duced the sheep-carrying capacity of 
chalk grassland by 27 per cent and 
reduced the live weight increase of sheep 
kept on the land by over 60 per cent. 
It has not been possible to plan a survey 
of rabbit damage to grassland through- 
out the country, but the losses probably 
equal or even exceed those of cereals. 

Other crops seriously damaged by rab- 
bits are sugar beet, kale, turnips, swedes 
and, of course, all truck garden crops 
and fruit trees. Since rabbits kill trees 
by ring barking, damage leading shoots 
and prevent natural regeneration, for- 
esters, as well as fruit growers, spend 
large sums on the erection of rabbit- 
proof netting and in addition employ 
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hundreds of men as patrols and rabbit 
catchers. 

Before myxomatosis reduced the pop- 
ulation, there was thought to be be- 
tween 1,000 and 3,000 million rabbits in 
Australia and the amount of damage 
they did was quite incalculable. In wet 
years they thrived to excess and in dry 
years they made the drought more 
catastrophic by competing with the 
stock for the reduced herbage. By 1953, 
it was estimated that four-fifths of the 
rabbits in southeastern Australia had 
died and that there had been a substan- 
tial increase in rural production as a 
result. For 1952-53 alone, the increase 
is valued at £50 million, of which the 
all-time record wool clip and increase in 
numbers of sheep and lambs accounts 
for some £34 million (Reid, 1953). 


COMPLEXITIES AND Costs OF 
CoNTROL 


The problems of rabbit control vary 
according to the country, from France— 
where the damage to crops (much less 
since myxomatosis swept the country) 
has to be balanced against the interests 
of nearly 2 million hunters—to the 
Netherlands where a very orderly agri- 
culture permits few wild rabbits to 
subsist. 

When it was introduced into England 
in the 12th century the wild rabbit was 
highly valued for fresh meat and closely 
preserved by Lords of the Manor. It 
has long since spread all over Eng- 
land, Wales and Scotland and is a con- 
tinual drain upon our increasingly in- 
tensive agriculture. The rabbit is not 
now greatly valued as a “sporting”’ ani- 
mal but it did, until the arrival of 
myxomatosis in this country, make up 


a considerable portion of the “bag” on 
shooting estates. 

An average of 40 million wild rabbits 
caught in the United Kingdom pass 
annually through the hands of the rab- 
bit meat and fur traders (M.A.F. 1954). 
It is estimated that the value of the 
meat from these rabbits is about £7 mil- 
lion. The skins are sold for a few pence 
each as a by-product of the meat trade 
and provide raw material for the fur, 
felt and hat-making industries. The in- 
come obtained by these trades amounts 
to about £8 million a year. Although 
the income from processed wild rabbits 
caught in Britain is therefore about £15 
million a year, the sum received by the 
farmer, on whose crops these rabbits 
and all those that are not caught have 
fed and are feeding, is probably less than 
£2 million a year. 

The annual cost in Britain of pro- 
tecting 750,000 acres of state-owned 
plantations against rabbits is around 
£500,000, while the cost of protecting 
privately-owned woodlands is estimated 
to be £1.5 million. 

It is difficult to estimate the costs of 
rabbit control on agricultural land. The 
rabbit in Britain is a major pest but the 
harm it does to agriculture is not always 
recognised and there are many vested 
interests concerned. Some farmers let 
the right to trap their land to local 
trappers for a cash payment while 
others take a half share of all the rab- 
bits caught. It is widely contended that 
this rabbit “farming”’ is self-perpetuat- 
ing and makes efficient control of the 
pest impossible. It is certainly typical of 
subsistence agriculture on small farms 
where lack of capital and mechanical 
equipment limit production and make 
the income from the sale of rabbits very 
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welcome. Other farmers, more pro- 
gressive and with greater means, do all 
in their power to exterminate rabbits by 
the use of cyanide gassing, traps, ferrets, 
snares, long nets, dogs and shooting, as 
well as destroying rabbit burrows and 
cover. Some landowners invite their em- 
ployees and neighbours to catch rabbits 
on their land at any time, and by any 
legal means except trapping, and claim 
that the pest is adequately controlled by 
such authorised “‘poaching.”’ Rabbit ex- 
termination is advocated by the British 
Government and it is one of the duties 
of the County Agricultural Executive 
Committees of the Ministry of Agricul- 
ture and Fisheries, and of the Depart- 
ment of Agriculture for Scotland, to 
encourage farmers and landowners to 
fulfil their obligations in this respect 
and to take action in cases of default. 

What will be the full effects of the 
arrival of myxomatosis in Britain it is 
difficult to forecast (Thompson, 1954; 
Ritchie, Hudson and Thompson, in 
press), but the disease may be expected 
to spread over the whole country and to 
reduce the rabbit population to a much 
lower level. As in Australia, the land- 
holder is being urged to do all he can to 
deal with survivors. A drastic reduction 
in rabbit numbers will have considerable 
effects on its predators and on the vege- 
tation. These ecological aspects are being 
studied. 

In New Zealand, the Government’s 
policy towards the rabbit pest is one of 
total extermination and efforts to this 
end are co-ordinated by a Rabbit 
Destruction Council and 174 Rabbit 
Boards, whose work is mostly paid for 
by a local rate and which cover an area 
of over 25 million acres. To discourage 
commercialisation, a statutory levy has 


been imposed on rabbit skins and has 
been increased from 10 per cent in 1949 
to 66.6 per cent in 1953; the pro- 
ceeds from this levy have been used to 
pay grants to Rabbit Boards. It is also 
the Commonwealth Government’s policy 
finally to prohibit the export of rabbit 
carcasses. The laying of poison baits for 
rabbits (illegal in Britain) is a principal 
method of rabbit destruction in New 
Zealand and aeroplanes have been used 
for this purpose for several years. Fumi- 
gation of burrows with calcium cyanide 
or chloropicrin is widely practised, 
many warrens are mechanically de- 
stroyed and much patrol work is done 
with guns and dogs. Trapping has 
greatly decreased as the commercial 
value of the pest has declined but still 
has its place in destruction programmes. 
Attempts to introduce myxomatosis 
into New Zealand have met with little 
success. It is not possible to estimate the 
overall cost of rabbit destruction in New 
Zealand but the annual direct cost of 
the work of the Rabbit Boards is over 
£1 million. 

Rabbit destruction in Australia has 
been a continuing labour for the pas- 
toralist and agriculturalist, ever since 
the pest began to spread across the 
country in the 1850’s. Hundreds of mil- 
lions of pounds have been spent in rab- 
bit destruction and in the erection of 
rabbit-proof fences. The most spectacu- 
lar of these were the Great Barrier 
Fences running for thousands of miles 
across New South Wales, Queensland 
and Western Australia, by means of 
which attempts were made—unsuccess- 
fully—to stop the advance of the rabbit. 
The entire agricultural picture has been 
altered in Australia since the successful 
introduction of myxomatosis in 1950 
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(Ratcliffe, Myers, Fennessy and Calaby, 
1952). Unfortunately, attenuated mu- 
tant strains of myxoma virus have been 
found in different parts of the country 
and in some areas the case-mortality 
rate has been reduced from 99.5 per cent 
to 86 per cent in successive years 
(Myers, Marshall and Fenner, 1954). 
With even 10 per cent of survivors 
each year, the rabbit population will 
rapidly breed up between outbreaks of 
myxomatosis and the Commonwealth 
Government has continued to urge all 
landholders to intensify their control of 
residual rabbits by standard methods. 


PossIBLE CONSEQUENCES OF 
INTRODUCTION 


The European rabbit is a highly suc- 
cessful mammal. It appears to be equally 
at home in temperate and sub-tropical 
climates, to thrive on the inhospitable 
winds of Tierra del Fuego and even to 
live successfully in Central Africa within 
2° of the Equator. It may be difficult 
for North Americans, accustomed to 
controlling the numbers of their native 
cottontail (Sylvilagus spp.) by shooting 
to realise that, once established, the 
European rabbit. is very difficult to 
eliminate. 

The European rabbit, averaging a 
little over 3 lb. in weight, is similar in 
size to, perhaps a little larger than, the 
cottontail and has longer ears and 
browner fur. It has a similar breeding 
season, gestation period and reproduc- 
tive potential and differs chiefly in its 
burrowing habit. Some European rab- 
bits live like cottontails mainly on the 
surface, taking cover in scrub or cut- 
over woodland, but the majority have 
burrows in woods, banks, hedges or open 
fields. These burrows, which are some- 


times extensive tunnel systems covering 
perhaps 1/4-acre and going to a depth 
of 9 feet are dug by the rabbits them- 
selves and are not taken over from other 
mammals. 

It is impossible to forecast what effects 
would follow if the European rabbit be- 
came established in North America. 
Although comparisons with Britain, 
Australia, New Zealand and elsewhere 
may not be entirely valid, the danger of 
our rabbit becoming a serious pest is 
surely a very real one. Furthermore, 
the virus disease myxomatosis is already 
present in California as “bighead’’ of 
domestic rabbits (Oryctolagus cuniculus) 
and is also established in some of the 
native rabbits of California (Sylvtlagus 
sp.). Should the European rabbit be- 
come established in the wild, it is virtu- 
ally certain to become infected with 
myxomatosis from this reservoir of the 
disease. The cottontail is very resistant 
to myxomatosis and suffers only a 
benign tumour, but the disease is highly 
fatal to the European rabbit and the 
symptoms very distressing. The danger 
of stocks of domestic rabbits contracting 
myxomatosis would be greatly increased 
if wild rabbits of the same species were 
abundant. 
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SOME EFFECTS OF FLUCTUATING AND FALLING 
WATER LEVELS ON WATERFOWL PRODUCTION ! 


Ken Wolf ? 
Utah Cooperative Wildlife Research Unit, Utah State, Agricultural College, Logan, Utah 


Impounded waters are currently used 
in many ways, and the future will 
undoubtedly bring an increase in the 
number of such reservoirs. These areas 
are primarily operated with regard to 
power production, irrigation, or storage, 
but there is growing concern about the 
effects of such operations on wildlife. 
Fluctuating, and/or falling water levels 
are not restricted to man-made im- 
poundments but are characteristic of 
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many of them. Biologists have found 
that fluctuating water levels generally 
cause damage to waterfowl nests. The 
amount of damage and the duration and 
rate of rise of water levels are values 
which have generally remained un- 
known, largely perhaps because other 
aspects of nesting studies were of 
greater interest. 

The findings of this study implement 
what Wiebe and Hess (1944) have 
termed ‘“‘water level management”, and 
will furnish suggestions for manage- 
ment in the regulation of rate and 
extent of fluctuation. 

Craighead and Craighead (1949) 
found that 25 per cent of one season’s 
goose nests were destroyed by flooding. 
Williams and Marshall (1938) cited 
similar percentages for several species 
of ducks on the Bear River Refuge in 
Utah. 

In addition to direct damage, un- 
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favorable water conditions have been 
found to exert profound indirect effects 
on waterfowl. Martin and Uhler (1939) 
stated, “‘No single factor is more potent 
in preventing the development of water- 
fowl feeding grounds than extreme or 
irregular fluctuations.”” Anderson (1941), 
Bellrose and Brown (1941), Low and 
Bellrose (1944) and Wiebe (1946) have 
cited the deleterious effects of water 
levels on waterfowl food plants. 

Most of the investigations concerning 
waterfowl and water levels have dealt 
with flooding and fluctuations on man- 
made impoundments, but Williams and 
Marshall (1937) found that sustained 
high winds effected a natural pile-up 
of water in vegetation which flooded 
duck nests. Indirect effects on waterfowl 
by flooding and fluctuating water levels 
are also brought about by such actions 
on the plant community as silting, 
high turbidities, agitation, and other 
ecological factors. 

With the single exception of Wiebe 
end Hess (op. cit.), the problem of 
formulating management plans to alle- 
viate or reduce the undesirable effects 
of fluctuating water levels has been 
relatively untouched. It is true that in 
many instances of manipulation of 
water levels, economic factors preclude 
serious consideration of the effects on 
waterfowl, but other than an approach 
towards stabilization of levels there is 
little management that can be done at 
present. 


DESCRIPTION OF NesTING AREAS 


This study was started in April, and 
continued through September, 1951. 
Its purpose was to determine the effects 
of fluctuating and falling water levels 
on waterfowl production. 


All areas studied for this report were 
located in Cache Valley, which lies in 
northern Utah and southern Idaho. 
Three areas were included in the study, 
(1) Swan Lake, a natural lake with 
stable water levels in Bannock County, 
Idaho, (2) Cutler reservoir, an area of 
fluctuating water levels in Cache 
County, Utah, and (3) Newton reser- 
voir, an area of falling summer water 
levels, also in Cache County, Utah. 

Swan Lake is bordered by a bulrush- 
cattail (Scirpus-Typha) marsh. On the 
east side, emergent vegetation was in a 
very narrow strip and a butte largely 
covered with sagebrush (Artemesia tri- 
dentata) rose abruptly along much of its 
length. Sedge and grass meadows bor- 
dered the ends and much of the east 
side. The area selected for study em- 
braced about 68 acres. 

The following species were found 
nesting on Swan Lake: Western grebe 
(Aechmophorus occidentalis), pied-billed 
grebe (Podilymbus podiceps), Canada 
goose (Branta canadensis), mallard 
(Anas platyrhynchos), pintail (Anas 
acuta), cinnamon teal (Anas cyanoptera), 
redhead (Aythy1 americana), canvas- 
back (A. valisineria), lesser scaup (A. 
affinis), ruddy duck (Ozxyura jamai- 
censis rubida), and coot (Fulica ameri- 
cana). 

On the Cutler Reservoir two sample 
nesting areas were selected for study. 
The choice of these areas was limited 
because cultivation along the shore, 
intensive grazing, and other factors 
made much inferior nesting habitat. 
Cutler Area No. 1 of about 98 acres 
presented the conditions of grazed 
saltgrass (Distichlis stricta), sedge and 
spike rush (Carex and Eleocharis) mead- 
ows which gradually merged into a 
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bulrush-cattail marsh that bordered 
and extended into the waters of the 
reservoir. Cutler Area No. 2 of 77 
acres adjoined lands which were entirely 
devoted to dry-land grain farming. 
Broad shallows studded with islets of 
emergent vegetation and an occasional 
island of a more determinable outline 
characterized the area. 

The following species were found 
nesting on Cutler Reservoir: Canada 
goose, mallard, pintail, cinnamon teal, 
shoveller (Spatula clypeata), redhead, 
and coot. 

Cutler Reservoir was subject to 
greatly fluctuating water levels which 
showed little or no regularity in their 
occurrence. Seasonal run-off from con- 
tributing streams and irrigation and 
hydro-electric draw-downs brought 
about maximum changes of as much as 
three feet in three days (Figure 1). 


submergent plant species, silt-covered 
shallows and broad mud flats constitute 
unsatisfactory conditions for waterfowl 
nesting habitat. It is possible that these 
severe conditions discourage some birds 
from utilizing the Cutler Reservoir as 
their nesting ground. Such factors are 
postulated to be at least part of the 
reason for the low nesting density of 
Cutler Reservoir as compared to the 
Swan Lake control area. The nesting 
density at Swan Lake was one nest per 
0.575 acres: at Cutler Reservoir it was 
one nest per 3.39 acres—only one-sixth 
as much. 

Newton Reservoir is an irrigation 
impoundment situated in an agricultural 
area which is largely devoted to dry- 
land grain farming. It characteristically 
presents a receding water level and 
drops as much as fifteen feet during the 
nesting season (Figure 2). Because of 
unfenced grain fields, cattle were not 
grazed near the reservoir. 


Fig. 1. Swan Lake and Cutler Reservoir 
(Cache Junction Gage) Water Levels, 1951. 


Recurrent flooding on Cutler Reservoir 
has created some lasting indications 
of different water levels. Evidence of a 
high water line on emergent vegetation 
was present before the nesting season 
started. Recent high water lines, lack of 


* 
X 
SWAN LAKE 196! AN 
CUTLER | RESERVOIR 1951 
ERIC way 


Fia. 2. Newton Reservoir Water Levels, 1951. 


There was little habitat suitable for 
nesting. Nests of only pied-billed grebe 
and coot were found, in a thin fringe of 
willow (Salix) that bordered most of 
the reservoir and in a small seasonal 
marsh that was located at the southern 
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end near the dam. Some duck nesting 
occurs along the creek that supplies 
the reservoir, but this is well above the 
reservoir proper. Farmers reported find- 
ing an occasional duck nest in adjoining 
grain stubble fields. However, the dif- 
ficulty of delimiting available nesting 
cover, the small number of nests in- 
volved, and the questionable use of 
a final figure were deciding factors 
against computing the nesting density 
for Newton Reservoir. 


NESTING StupyY 


Early in the study it was found that 
some ducks built up their nests when 
the water rose. In order to mark various 
egg levels which resulted and to measure 
the amount of added material, a central 
stem of cattail was inserted at the 
bottom of the lowest eggs. On succeed- 
ing visits additional markers were 
inserted whenever water level changes 
were noted. This method was valuable, 
because the stems did not contrast 
with nest materials, and they were 
sufficiently durable to withstand long 
soaking. 

In addition to water depths which 
were measured when the nests were 
visited, gage readings for the three 
areas were either taken or obtained 
from other sources. A stake gage was 
installed at Swan Lake and read on 
each visit (Figure 1). The U.S. Geo- 
logical Survey maintains a recording 
gage at Cache Junction, Utah, which is 
approximately at the geographic center 
of Cutler Reservoir. Water levels for 
Newton Reservoir were obtained from 
the U.S. Bureau of Reclamation. 

As used here, the terms ‘“‘nest success” 
and “hatching success” are defined as 
follows: 


Nest success = 100% — 
Nests with egg failure 


all nests 


Hatching success = 100% — 
Number of eggs that were not hatched 


total number of eggs 


With the exceptions of Canada goose 
and redhead, the hatching success for 
those species found at Swan Lake was 
equal to or greater than that of the same 
species found at Cutler Reservoir and 
Newton Reservoir. The fact that nests 
of only one Canada goose and one 
redhead were found at Swan Lake 
suggests that probability alone could 
explain a low hatching success on an 
area with an optimum environment. 
Tables 1, 2, and 3 are summaries of 
nest histories at the three study areas. 

No evidence was found of a relation- 
ship between fluctuating water levels 
and degree of predation although some 
indirect results of high water created 
conditions which could favor predation. 
Rising water reduced the amount of 
suitable nesting habitat and may have 
forced some ducks to nest in thin or 
exposed cover. 

There was no predation on Cutler 
Area No. 1 in spite of the fact that some 
nests were left entirely exposed as a 
result of utilization of surrounding 
vegetation for nest materials, and the 
fact that hundreds of California gulls 
(Larus californicus), frequented the 
area. 

Damage to waterfowl nests by water 
was both direct and indirect. Direct 
factors were: (1) flooding of duck nests 
and partial or complete submergence of 
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eggs and (2) possible drying of grebe 
nests by lowered water levels. 

Indirect factors were: (1) spilling or 
burying of eggs by the hens in their 
efforts to cope with changes in water 
levels, (2) toppling of nests made 
unstable by dropping water levels, and 
(3) isolation of nests in the case of 
grebes and possibly coots. 

Dropping water levels left coot and 
grebe nests in such positions that the 
birds could not reach them. 

Coot Nrests—The coot was the most 
numerous species of waterfowl to nest 
at Newton Reservoir. Typically coot 
nests were found in willows that border 
the reservoir, and most of them were at 
least partially dependent upon these 
willows for support. Some were built in 
crotches at water level; others were 


built in branches that projected over 
water. When the water level dropped, 
the nests frequently lacked support and 
tilted, spilling their contents into the 
water. Nests which had been built 
in crotches avoided this fate, but many 
of them were left too high to be access- 
ible to the parent birds. Nests built a 
few inches above water were left more 
than four feet above dry ground and as 
far as 50 yards over bare soil from the 
nearest water. However, one clutch 
was incubated and the eggs hatched 
although the water level dropped 36 
inches below the nest. Another nest was 
attended when the water dropped to 50 
inches below the nest but was later 
deserted. 

There was a heavy mortality among 
newly hatched birds from these elevated 


TasBLe 1.—SumMary oF WATERFOWL Nest Histories, Cutter Reservoir, 1951 


No. Aver. Nest 
Nests Clutch Success 
(%) 


Species 


Causes For Failure To Hatch 
Social 

Para- 

sitism Unknown 


(%) 


Pre- 
dation 


(%) 


Hatching 
Success 


(%) 


Water 
(%) 


Nests 
Canada goose Eggs 


100.0 
25.5 
Mallard 
50.0 
Pintail 
Cinnamon teal Eggs 


Nests 
Eggs 


Nests 
Eggs 


Nests 


Shoveller.... 


100.0 


Accidentally destroyed 


0.0 
3.3 


3.3 


8.8 
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TaBLe 2.—SumMMaARY OF WaTERFOWL Nest Histories, Swan Lake, 1951 


Causes For Failure To Hatch 
Social 
No. Aver. Nest Hatching Pre- Para- 
Species Nests Clutch Success Success || Water dation  sitism Unknown 
(%) (%) (%) (%) (%) (%) 
Nests 1 0.0 100.0 
Canada goose Eggs 5.0 80.0 20.0 
Nests 22 80.0 5.0 15.0 
Mallard. .... Eggs 8.9 90.5 2.8 6.7 
Nests 2 50.0 50.0 
Pintail....... Eggs 8.0 93.75 6.25 
Nests 1 100.0 
Cinnamon teal Eggs 11.0 100.0 
Nests 1 0.0 100.0 
Redhead. .... Eggs 15.0 0.0 26.6 73.4 
Nests 4 25.0 75.0 
Canvasback . Eggs 11.0 45.5 13.5 41.0 
Nests 1 100.0 
Lesser scaup. Eggs 12.0 100.0 
Nests 3 33.4 33.3 33.3 
Ruddy duck. Eggs 10.0 70.0 23.3 6.7 
Nests 63 85.0 15.0 
AS Eggs 8.06 94.9 0.4 4.7 
Nests 7 33.5 33.3 16.6 16.6 
Western grebe Eggs 3.0 22.2 22.2 16.6 27.8 11.2 
Pied-billed Nests 14 81.5 18.5 
grebe...... Eggs 4.3 96.7 3.3 


nests. The drop from the nest by young 
birds may not have been the only 
factor. Young coots were seen to drop 
as much as four feet without apparent 
injury, but dead young were found 
around several high nests on which 
there was a fairly complete history. 
Without a doubt, falling water levels 
stimulated the building of additional 
nests by birds whose original nests were 


left at undesirable heights above water, 
but they were frustrated attempts. As 
many as three or four new coot nests at 
different levels were found within one 
foot of each other. The close grouping 
and the territorialism of the coot 
indicate that only one pair was involved. 

In all instances coots attempted to 
protect their clutches from rising water 
levels. 
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TasBLe 3.—SumMaARY OF WATERFOWL Nest Histories, Newton Reservorr, 1951 


Causes For Failure To Hatch 
Social 
No. Aver. Nest Hatching Pre- Para- 
Species Nests Clutch Success Success || Water dation  sitism Unknown 
(%) (%) (%) (%) (%) 
Nests 8 75.0 25.0 
ere Eggs 7.66 73.9 26.1 
Pied-billed Nests 1 100.0 
grebe...... Eggs Unknown 100.0! 


1 No unhatched eggs were found in or near the nest—on this circumstantial evidence it was 
concluded that hatching success was 100 per cent. 


Coot clutches suffered greatest dam- 
age by water when the level dropped. 
The nests generally were built up with 
the rising water, and as many as three 
or four older egg levels were present in 
some cases. When the water dropped, 
the nests usually lacked structural 
stability. No direct observations were 
made, but it is believed that the parents 
upset nests and spilled the eggs as they 
climbed on and off. All coot nests 
found on Cutler Reservoir were affected 
by fluctuating water levels, but only 
12 per cent of the eggs were killed. 

GrREBE Nests—Western grebe nests 
were the only ones subjected to damage 
by water on Swan Lake. Damage was 
brought about as an indirect effect when 
nests were stranded by a_ 1.25-foot 
drop in water level (Figure 1). It is 
probable that the parent was unable 
to reach the nests. The birds are not 
noted for incubating diligence, and the 
possibility does exist that the dampness 
of the vegetation upon which the eggs 
are placed is essential to hatching. When 
the vegetation dries, incubation may 
be interrupted or even stopped. 

Duck Nests—Flooding as a result 
of water level fluctuation was the 


greatest mortality factor affecting hatch - 
ing success on Cutler Reservoir, causing 
the loss of about 31 per cent of the 
total waterfowl production. Mallards 
and redheads were the only species of 
ducks affected, and nearly 94 per cent 
of the damage was confined to these 
species. Fifty per cent of the mallard 
nests on Cutler Reservoir were par- 
tially or completely destroyed by water, 
representing a loss of 39 per cent of all 
mallard eggs (Table 1). Ninety per 
cent of the redhead nests were subjected 
to flooding, but in contrast with the 
mallard’s loss of 39 per cent, the red- 
heads lost only 46 per cent of their eggs. 
Even though 90 per cent of the red- 
head nests were subjected to flooding, 
at least part of each clutch was success- 
fully hatched. In contrast, about 57 per 
cent of the flooded mallard nests were a 
complete loss and were abandoned. 

Mortality from flooding occurred 
during all stages of incubation, and even 
during actual hatching some of the 
clutches were destroyed. 

Redheads were more successful in 
adding materials to their nests during 
rising water levels than were mallards, 
but eggs were frequently buried or 
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spilled in the process. As a result of 
the utilization of nearby vegetation for 
nest material, redhead nests frequently 
were left entirely exposed (Figure 3). 

Lack of down and the fresh appear- 
ance of nesting materials were the most 
easily recognized signs of additions to 
redhead nests. Nests were frequently 
found in this condition, and the final 
check usually revealed one or more 
earlier egg levels as indicated by a 
heavy down layer at a low level and 
one or more lighter ones above. 

Because mallards generally choose a 
slightly higher nesting site than red- 
heads, their nests were less likely to be 
damaged by rising water. In spite of this 
advantage, about 57 per cent of mallard 
nests which were affected by high water 
were complete losses. In some instances, 


however, mallards successfully raised 
their eggs and saved the entire clutch. 
Materials from which nests were built 
varied greatly. Some were built entirely 
of bulrush and others of cattail. Many 
nests were built of both and proportions 
varied between nests. Because there did 
appear to be some difference in bouy- 
ancy of nests, tests were conducted 
to determine whether or not some 
materials were more bouyant than 
others. 
Bulrush appeared better able than 
cattail to withstand water logging, but 
the difference was slight. It was con- 
cluded that for the purpose of this 
study, there was no significant difference 
in bouyancy of bulrush and cattail. 
WATERFOWL TOLERANCE TO WATER 
LEVEL FLUCTUATIONS—The most im- 


Fia. 3. Redhead nest on Cutler Area No. 1 showing the lack of overhead cover that resulted when 
the hen utilize? che surrounding vegetation for nest material. In spite of such “advertising’’, no 
predation occurred on such nests. 
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portant results of this study are prob- 
ably those concerning specific features 
of flooding which caused damage to 
waterfowl nests. The hydro-electric 
power plant at Cutler Dam is operated 
on a “load control” basis. As a result 
of its fluctuating demands, the plant 
may range from maximum to minimum 
output several times a day. The dam 
site is narrow and shallow: therefore, 
heavy demands for water create a 
“draw-down” which results in water 
gradients that affect the Cache Junction 


gage. 


The areas used in this study were 
usually visited on successive days, but 
several days usually elapsed between 
the visits to any particular nest. Water 
depth was measured at each nest site, 
but changes that occurred between 
visits could not be known. A more 
complete picture of changes was possible 
on the Cutler Reservoir where recording 
gage data was used, but even this was at 
times inadequate. Water depths at 
nest sites were later correlated with 
gage readings for the same day. Changes 
in water depth at nest sites between 
successive visits were computed and 
compared with differences of gage 
readings for the same days. The results 
of nest comparisons where water levels 
at the nest were compared with gage 
readings indicated that the gage read- 
ings averaged 18 per cent higher. Some 
of this discrepancy may have been 
from errors in measurement at the 
nest, particularly when nests were 
over a soft muck or silt bottom. 


Comparisons between stake gage read- 
ings and the recording gage at Cache 
Junction indicated that for Area No. 1, 
the stake gage read 24 per cent less and 


for Area No. 2, 0.4 per cent’ more than 
the recording gage. 

Mallard nests were subjected to 
maximum rises in water level from 1.08 
feet to 2.58 feet. Hatching success was 
affected at both ends of this range, but 
some mallard clutches escaped loss 
when subjected to rises from 0.83 to 
1.92 feet. It is concluded that within 
the latter range, total rise is not as 
important as the amount of rise per 


‘unit of time. It was found that a rate 


of rise of 0.166 feet per day for five 
days killed eggs in 53 per cent of nests 
affected. Six clutches were not affected, 
and in two nests the effect could not be 
determined. One nest was subjected to a 
rise of 0.293 feet per day for 3 days, 
and only two of ten eggs hatched, 
seven eggs were killed by water during 
incubation, and one failed to hatch for 
unknown reasons. 

Redhead nests were subjected to 
maximum rises from 1.03 feet to 2.11 
feet. Both extremes produced lethal 
effects. A maximum rate of rise of 0.166 
feet per day for five days killed an 
average of 40 per cent of the eggs in 
every nest affected, but a rise of 0.293 
feet for three days killed 77 per cent 
of the eggs in one nest which was so 
affected. 

The manner in which a redhead nest 
was raised by the hen when the water 
rose is shown in Figure 3. The cropped 
surroundings are typical of the reduc- 
tion in cover where vegetation has 
been added to the nest. In spite of the 
care shown, two eggs of this clutch were 
killed by water. 


SUGGESTIONS FOR MANAGEMENT 


Most areas of water impoundment are 
at least under partial control, and some 
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of these areas are important to nesting 
waterfowl. Without doubt, the primary 
function of these impoundments, 
whether devoted to flood control, hydro- 
electric power production, irrigation or 
other purpose, is economically more 
valuable than the potential value of 
waterfowl which could be produced. 

When practical, utilization of one 
resource should not be effected to the 
detriment of another. Wildlife interests 
are generally not the primary concern 
on areas of multiple use, but in many 
instances, they can be protected by 
judicious management based on sound 
knowledge. 

With information of the type which 
has been gathered in this study, it is 
possible that some impoundments can 
be managed to present more favorable 
conditions for nesting waterfowl with- 
out appreciably reducing the overall 
efficiency of the project. 

By keeping the rate of rise below the 
point of maximum tolerance, the desired 
water capacity may be stored with less 
destruction to nesting waterfowl. It is 
known that the total rise may frequently 
exceed the limits with which ducks can 
cope, but on some areas it does not. 
Tolerances to total rise and rate of rise 
differ between species of waterfowl. 


Hence, it is evident that similar studies, 


should be made elsewhere on different 
species of waterfowl and on experi- 
mental areas over which there is better 
control of water. 

Fluctuating water levels effect eco- 
logical changes that produce less desir- 
able habitats than that found on areas 
which have stable levels. For this reason 
and the fact that the nesting density was 
much lower than on the area with a 
stable level, it was concluded that 


fluctuating water levels discouraged 
some waterfowl from nesting. 


SUMMARY 


1. A study was started in April, and 
continued through September, 1951, to 
determine the effects of fluctuating and 
falling water levels on waterfowl pro- 
duction. The investigations were carried 
out in Cache Valley which lies for the 
greater part in northern Utah but also 
extends into southern Idaho. 

2. Three areas were selected for 
study. (1) Swan Lake, a natural lake 
in southern Idaho that had a stable 
water level, was selected as the control. 
(2) Newton Reservoir in Utah is an 
irrigation reservoir with a _ receding 
water level that drops as much as 
fifteen feet during the nesting season. 
(3) Cutler Reservoir, a hydro-electric 
impoundment on the Bear river in 
Utah was characterized by fluctuating 
water levels. Two sample areas of Cutler 
Reservoir had a nesting density of one 
nest for each 3.39 acres. There was one 
nest for each 0.575 acres on the control 
area of Swan Lake. 

3. Direct damage to eggs by water 
was caused by partial or complete 
submergence. This was a greater mor- 
tality factor than the indirect effects. 
Nests which were built up as the water 
level raised generally were unstable 
when the water receded. These nests 
toppled and spilled the eggs. Eggs were 
also spilled or covered over when hens 
built up their nests to protect them 
from rising waters. 

4. Both mallards and redheads at- 
tempted to save their clutches by 
building nests higher. Surrounding vege- 
tation was closely cropped and added to 
nests. In spite of the exposed condition 
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of many of these nests there was no 
predation. 

5. Cattail and bulrush, the principal 
nesting materials were tested for resis- 
tance to water-logging, but no signi- 
ficant difference was found. 

6. Flooding caused a loss of 31 per 
cent of potential waterfowl production 
on the Cutler Reservoir. The losses 
occurred throughout all stages of incu- 
bation and hatching. 


7. The loss among coot nests ac- 


counted for only six per cent of the 
total loss to potential waterfowl pro- 
duction on Cutler Reservoir due to the 
effects of water level changes. Most of 
this damage was from eggs rolling out of 
nests. At Newton Reservoir there was 
evidence of nest desertion when the 
water level dropped four feet or more. 

8. Fifty per cent of mallard nests on 
Cutler Reservoir suffered partial or 
complete damage; 57 per cent of these 
were completely destroyed. Thirty-nine 
per cent of all mallard eggs were lost 
due to the effects of water. Some mallard 
nests escaped flooding when the water 
level rose 0.83 to 1.92 feet, but all were 
at least partially damaged by maximum 
rises of 1.08 and 2.58 feet. A rise of 
about two feet appeared to be the 
maximum tolerable for this species. A 
rate of rise of 0.166 feet per day for 
five days damaged 53 per cent of 
flooded mallard nests, and indicated 
that the total rise is not the only factor 
involved. 

9. Ninety per cent of all redhead 
nests were subjected to flooding, but in 
sharp contrast to mallards, there was 
not a single instance of complete loss. 
Forty-six per cent of all redhead eggs 
were lost due to effects of water. Red- 


head nests were partially damaged by 
rises of 1.03 to 2.11 feet. A rate of rise 
of 0.166 feet per day for five days killed 
40 per cent of eggs in flooded nests. 

10. The data obtained from the 
brood study indicated little or no 
difference in survival between the areas 
of falling, stable, and fluctuating water 
levels. 
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CAUSE AND EFFECTS OF A DIE-OFF OF EMERGENT 
VEGETATION 


Malcolm E. McDonald 


Biology Department, Union College, Schenectady, New York 


INTRODUCTION 


Little specific work has been done on 
die-offs of emergent aquatic vegetation 
in fresh water. Sporadic occurrences 
have been reported, but exact mech- 
anisms and conditions were not known 
or not described. The assigned causes 
included high water, siltation and flood- 
ing, insect attacks, attacks by micro- 
organisms, and damage by geese and 
muskrats. 

Oosting (1933) mentioned the dis- 
appearance of emergent vegetation from 
a lake that filled up after having been 
dry for two years. Destruction of 
emergent vegetation, including cat- 
tail, by extreme flood conditions during 
the early growing season for three years 
along the Illinois River was described 
by Yeager (1949). Those flood waters 
were heavily silt-laden and a smother- 
ing effect was ascribed to them. Large 
stands of cat-tail were destroyed, at 
least temporarily, by boring insects in 
New Jersey during a dry year (Pan- 
coast, 1937). There, the infestation was 
stopped by flooding and the marshes 
recovered. An infestation by insects 
also occurred in Germany, but the 


1 This study was made possible by the Game 
Division, Michigan Dept. of Conservation, 
and the Dept. of Wildlife Management, School 
of Natural Resources, University of Michigan; 
and was carried out in partial fulfillment of the 
requirements for the degree of Ph.D., Uni- 
versity of Michigan. 
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plants grew a new crop of shoots the 
same summer (Hardtl, 1938). Depletion 
of vegetation through overutilization 
by muskrats or geese is common in 
Louisiana (Lynch, ef. al. 1947), and 
has been observed in marshes in New 
Jersey, Maryland, and New York 
(Pancoast, 1937; Dozier, 1945; Dozier 
et al. 1948). 

Extensive die-offs, very similar to 
those in Michigan, occurred in Iowa in 
1937 and again in 1947 and 1948 (Hay- 
den, 1939, 1947, 1948). Those die-offs, 
accompanied or followed by periods of 
extreme high water, affected two species 
of cat-tail, three species of round-stem 
bulrush, and one species of reed. Some 
studies of causative factors were carried 
on during the die-offs. Cat-tail and 
bulrush around the shores were found 
to be infested with insect borers in 
rhizomes and stems, and death of the 
bulrushes was ascribed to them. Sur- 
viving stands of reed were heavily 
infested with aphids and it was sug- 
gested that these insects nad killed the 
rest of the stands. The death of cat- 
tail in water was attributed to a micro- 
organism, referred to as root-rot, which 
destroyed the rhizomes. Apparently the 
die-off continued in lakes which had 
dried up and left cat-tail colonies ex- 
posed on mud flats. Young shoots grew 
up around the edges of affected colonies 
and in turn rotted at the base. Cultures 
were taken but no report of the results 
is available. 
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Tue Dir-orr at Pointe 
AND ITs CAUSE 

In 1946 it became apparent that the 
emergent vegetation was undergoing a 
drastic change in marshes of Lake Erie 
and Lake Huron. Large expanses of 
cat-tail (Typha) had died abruptly 
along the southern shore of Lake Erie 
as far east as Cleveland, in Lake St. 
Clair, and in Saginaw Bay of Lake 
Huron and had transformed marsh lands 
into open water or mud flats. In the 
early spring of 1947 the exposed lands 
were black and bare, as though they 
had been burned over. Muskrat houses 
scattered over the barren flats were 
plainly visible because all of the re- 
maining cover had been used in their 
construction. If this change had con- 
tinued, the marshes would have been 
completely destroyed. 

An intensive investigation of possible 
causes and effects of the die-off was 
conducted from 1947 to 1950 in the 
Pointe Mouillée State Game Area of 
Michigan. In addition, general observa- 
tions were made in other marshes. 

The Pointe Mouillée State Game 
Area, hard hit by the die-off, is a marsh 
2609 acres in extent, roughly three miles 
long by one-and-a-half miles wide, 
located just below the mouth of the 
‘Detroit River. One end is crossed by 
the Huron River and the east and 
south sides are bordered by Lake Erie. 
A narrow tree-covered barrier beach 
extends along the shoreline between 
lake and marsh, while the inner side 
of the marsh is bordered by low farm- 
lands and wet meadows. The marsh is 
traversed by a number of channels, 
which widen out into a bay that opens 
into the lake on the south. The water 
level in the marsh is the same as that 


in Lake Erie, and varies with changes in 
lake level. The water is five or six feet 
deep in parts of the marsh. All stages 
of the hydrosere from submerged vegeta- 
tion to meadow are present in the marsh 
but most of the emergent vegetation is 
narrow-leaved cat-tail (Typha angusti- 
folia) and glaucous cat-tail (7. glauca). 
Broad-leaved cat-tail (Typha latifolia) 
is present in very limited amount. 
During the years preceding the die- 


off, the water level in Lake Erie and 


the marsh rose from an extreme low in 
1934, toa level approximately 2.5 feet 
higher for the period 1937-1942, and rose 
1.0-1.5 feet during 1943-1948. The 
lake level declined 1.25 feet in 1949, rose 
about 2.0 feet in 1950-1952, and reached 
an all-time high in June of 1952 (U.S. 
Lake Survey, 1950-1952). The annual 
maximum level usually occurs in June 
and the annual minimum level in 
January. The average fluctuation is 
1.55 feet. 

The high water of 1943-1948 killed 
many trees on the barrier beach, and 
the lake broke through the beach in 
eight places in 1946 and 1947. The 
beach was partly destroyed and pushed 
inland, and a broad delta of sand washed 
into the marsh and covered the muck 
at every break-through. In 1950, many 
dead trees were standing or lying in 
water one to three feet deep, as much as 
200 feet from shore. The high water also 
caused an extension of the marsh 
inland, and an invasion of wet meadow 
by cat-tail. A belt of farmland adjacent 
to the game area was abandoned to 
marsh. After the brief respite in 1949 
the rise of the lake caused a continuation 
of the destruction. The beach separating 
lake and bay had completely disap- 
peared by 1950 and the rest of the 
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beach was greatly reduced in size as 
more sand washed into the marsh; 
nearly all trees were dead, and many 
of those that had fallen were swept 
inland. 

The die-off at Mouillée involved not 
only the two species of cat-tail, but also 
river bulrush (Scirpus fluviatilis), hard- 
stem bulrush (Scirpus acutus), soft- 
stem bulrush (Scirpus validus var. 
creber), tussock sedge (Carex stricta), 
and reed (Phragmites communis var. 
Berlandieri). Dead patches of button- 
bush (Cephalanthus occidentalis) were 
also present, but had died out some time 
before. In 1945, 1260 out of 2000 acres 
(63 per cent) of reed marsh died out. 
Many other marshes were affected 
similarly. An estimated 400 acres (34 
per cent) of the reed marsh then 
present died in 1952 in a new die-off. 

The die-off in Michigan was catas- 
trophic, and all the plants died at the 
same time. Plants flourished with a 
sturdy and dense growth one summer 
and there was no growth whatsoever 
the next spring. The area was covered 
with a mass of dead stalks which 
gradually fell over and broke off, usually 
during the second winter after growth 
(Fig. 1). During the summer after the 
die-off, scattered single stems (not 
seedlings) grew up in shallower areas. 
The greatest die-off, which occurred 
after the 1945 growing season, became 
apparent in the late summer of 1946, 
when muskrats nearly stripped the 
marsh of the dead material to use in 
their houses. No further mass deaths 
occurred until 1952. A few stands in 
very deep water showed weak growth 
in 1947 and failed to come up in 1948, 
but this was a decline and not an abrupt 
die-off. Other stands and single stems 


scattered over the die-off area began 
spreading by vegetative reproduction 
in 1948. 


Fig. 1. Stand of Typha killed by winter sub- 
mergence; appearance the second summer 
after death. 


Biotic causes were eliminated first at 
Pointe Mouillée as far as_ possible. 
Insect attacks, usually confined to 
cat-tail on land or in shallow water, 
could not and had not occurred in the 
deep water of the stricken area. In- 
tensive attacks by borers on plants in 
shallow water did not kill the stands, 
but resulted in breaking off or prevent- 
ing fruiting of individual stems. Al- 
though muskrats were abundant before 
the die-off they did not cause serious 
destruction and no unusual effects were 
observed. All evidence of destruction 
by microorganisms was negative. There 
was no opportunity to examine dying 
plants because none were found during 
the study. Injuries to cat-tail did not 
result in attack by microorganisms on 
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healthy tissue. Since a wide variety of 
plants were affected and the die-off 
occurred during the cold weather be- 
tween growing seasons, microorganisms 
are apparently ruled out as a possible 
causative factor. 

Other factors suggested and con- 
sidered as causes of the Michigan die-off 
were pollution, silting, smothering of 
stands by sand or debris, and old age or 
senescence of stands. Although some 
pollution does occur in the Pointe 
Mouillée area, there is no evidence for 
occurrence at just one period, nor for 
distribution along several hundred miles 
of coast line in three lakes. Heavy 
silting or deposition of sand over beds 
of emergent plants did not occur. Sand 
washed in from the lake after the die- 
off, not before, except in one limited 
area, and some stands of cat-tail sur- 
vived the passage of the beach right 
across the stands. In a few instances 
large masses of stalks that drifted in and 
were deposited on a stand delayed the 
growth of new shoots in the early 
summer, but in every case the area was 
covered with an abundant growth by 
August of the same year. Cat-tails do 
not reach an old age and there is no 
difference in vigor between old and 
young stands. The plants grow by 
continuous renewal of rhizomes, and 
any specific rhizome never reaches an 
age of more than two years. Ecological 
succession may result in replacement 
of a cat-tail stand by a different com- 
munity, but such replacement is grad- 
ual. Succession may be delayed almost 
indefinitely by various factors; some 
areas at Pointe Mouillée have appar- 
ently been covered with cat-tails for at 
least 40 years, and such stands are as 
vigorous as any others. 


The apparent, and seemingly most 
logical explanation for the die-offs is 
suffocation or drowning by too high 
water. However, this die-off took place 
in the middle of a rise in water level. 
The 1945 die-off occurred after three 
years of rising waters, primarily in the 
deerer parts but also up che channels 
into shallower areas. Rising continued 
two more years with virtually no further 
effect. Recovery began in 1948 while 


water was still higher than it was in 


1945. Still higher levels did not cause 
any further damage except in a very 
few small areas. If high water levels 
over several years had progressively 
weakened the plants, a gradual death 
would have been expected. Instead, 
plants that were apparently growing 
vigorously died abruptly. The only 
plausible conclusion is that the high 
water as such was not the sole cause. 
However, there was one period of 
high water that appears to be significant. 
The water level during the winter of 
1945-1946 was seven inches higher than 
in any previous winter for 16 years. 
This rise was sufficient to submerge 
dormant shoots of cat-tail and other 
emergent vegetation throughout the 
winter over much of the marsh. Winter 
submergence to nearly the same depth 
occurred again in 1947-1948 and to a 
depth six inches greater in 1951-1952. 
The vegetation died during winters of 
1945-1946 and 1951-1952. Normally 
dormant shoots have access to air 
through at least part of the winter, a 
factor which Laing (1941) regards as 
very important for survival. He found 
that the rhizomes can endure anaerobic 
conditions for a short period but ap- 
parently not for the entire winter. 
Corroborative evidence was obtained 
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in 1952 at a state public hunting area 
in New York which was dyked and 
the water level maintained about two 
feet above normal, beginning in October 
1951. The flooded portion had supported 
flourishing stands of narrow-leaved cat- 
tail. The following year all but a few 
patches on high ground were dead, 
whereas stands of cat-tail outside the 
area and not subject to the increased 
water level continued to flourish. 
Different species of cat-tail show 
differences in tolerance to water depth 
and other factors of the habitat. In 
Michigan Typha angustifolia generally 
will not grow in water deeper than 
three feet, J. glauca in water no deeper 
than two feet, and 7. latifolia where 
depths do not exceed one foot. In 
stands at greater depths, gradual death 
usually results. While shoots of T. 
latifolia and T. glauca must have access 
to air during the winter for survival, 
apparently that is not true for T. 
angustifolia. This species survived in 
areas that were submerged about a 
foot; evidently just as 7. angustifolia 
can actively grow in water a foot deeper 
than can 7. glauca, so the dormant 
shoots can survive being submerged 
one foot deeper. A regulated water 
depth of 1.5 feet has been suggested as a 
means of controlling cat-tail (Uhler, 
1944). As a summer level, such a depth 
would probably eliminate 7. latifolia 
but not the other two species. As a 
winter level it would almost certainly 
eliminate 7. latifolia and T. glauca, 
and, probably to a certain extent, 
T. angustifolia also. Special or regional 
strains may develop, however, for which 
these depths would not be limiting. 
The question of length of endurance to 
anaerobic conditions comes up here. 


In Louisiana, rhizomes that had been 
seriously depleted by foraging animals 
were no longer able to grow after five 
months of submergence (Lynch et. al. 
1947). Temperatures at that latitude 
remain relatively high during the winter 
and the rate of respiration is increased. 
The dormant period in northern lati- 
tudes lasts from six-and-one-half to seven 
months. At Pointe Mouillée dormant 
shoots are usually exposed to the air 
for from two to four months, leaving a 
period in fall and again in spring of 
one to three months when shoots are 
submerged. During the die-off shoots 
were submerged for the full period of 
six-and-one-half months. It is possible 
that ice conditions may have had an 
influence, but no information about this 
is available. 

The 1951-1952 die-off covered a wide 
belt inside the area of the die-off of 
1945-1946. This was to be expected, 
since the water level had been six 
inches higher and had submerged more 
of the marsh. In both cases the boundary 
of the die-off was extremely irregular 
and many isolated patches died in the 
interior of cat-tail stands. This irregular 
boundary seemed to follow minute 
differences in water level and all plants 
submerged below a certain level! died. 
The isolated single stems or clumps 
which survived in some areas were 
believed to represent shoots on small 
knolls or mounds which rose above the 
general level in the vicinity. However, 
another explanation is indicated by the 
distribution of the 1951-1952 die-off. 

About 20 per cent of the area killed in 
1945-1946 had recovered by 1950, 
primarily by vegetative reproduction 
from the scattered shoots which sur- 
vived. These recovered stands, although 
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at levels seemingly well below the lethal 
limit of submergence reached in 
1951-1952, were not destroyed, and 
many seemed scarcely affected. The 
stands of narrow-leaved cat-tail, in 
still deeper water, which had. survived 
the 1945-1946 die-off also were not 
affected by the later, higher level. 
There is a possibility that surviving 
stands and single stems survived by 
means of an ability to withstand oxygen 
deficiency in some way, an ability which 
was again demonstrated in 1951-1952. 
This ability apparently developed inde- 
pendently in many different shoots, and 
was then selected by environmental 
pressure. 

Two difficulties present themselves; 
(1) how ean such an ability develop 
separately in actually hundreds of 
different shoots? and (2) why were not 
such strains selected out long ago? 
An answer to the first question is not 
obvious. The answer to the second 
probably depends upon the origin of 
present stands and past distribution of 
cat-tail. Between 1890 and 1945 there 
were four winters during which levels 
were high enough to have caused a 
die-off in the marsh, the winters of 
1906-1907, 1907-1908, 1918-1919, and 
1929-1930 (U.S. Lake Survey, 1950). 
Between 1860 and 1890 there were 19 
such winters, in seven different groups. 
During the winter of 1929-1930 the 
level was particularly high. Whether or 
not the cat-tail was actually killed by 
these levels is not known, but local 
observers stated that cat-tail has disap- 
peared before. Newell (1910) sketched 
a map that shows very little cat- 
tail present, except on the inner side 
of the marsh. This may simply in- 
dicate an earlier stage in a normal 


ecological succession. However, in 1817 
this area was covered with marsh 
vegetation (U.S. Land Office, 1817). 
After 1930 there were the low water 
levels of the drought years, and the 
recent stands of cat-tail, particularly 
of T. glauca, might well have developed 
during those years by seeding, a process 
that would tend to nullify any previous 
selection of clones that might have 
taken place. Some of the deep water 


‘stands of 7. angustifolia may have 


been in existence since before 1910 and 
could have survived several winter 
periods of submergence. 

Newell’s map was the first which 
named the vegetation of the marsh. 
That map shows wild rice (Zizania 
aquatica) covering the greater part of 
the marsh, with cat-tail massed on the 
inner side and in scattered patches 
elsewhere. When a cover map of the 
area was made by the Game Division 
of the Michigan Department of Conser- 
vation in 1944, the wild rice had declined 
to a rather small area and had been 
largely replaced by cat-tail. In 1936 
cat-tail had extended several hundred 
yards into the lake near the mouth of 
the river, on a muck bottom, but in 
1944 the shoal in front of the marsh 
was firm sand, and the cat-tail had been 


‘replaced by bulrush (Scirpus sp.). This 


bulrush was destroyed as a part of the 
general die-off in 1945-1946. 


PLANT SuCCESSION FOLLOWING THE 
Dir-oFrF oF MARSH VEGETATION 


The coincident rise of water and die- 
off of emergent marsh plants resulted 
in succession of submerged species. 
The first forms, especially bladderwort 
(Utricularia vulgaris), were those al- 
ready present in the emergent stands 
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before the die-off. Other species entered 
and took their place, and from 1947 to 
1950 there was a very pronounced 
spread and increase of virtually all 
submerged aquatics except bladder- 
wort. The increase of wild celery 
(Valisneria americana) and sago pond- 
weed (Potamogeton pectinatus) was par- 
ticularly marked. This change is very 
similar to that occurring in [Illinois 
River lakes after stabilization of water 
levels (Bellrose, 1941). The floating- 
leaf forms also spread into this newly 
available territory, probably from small 
pools formerly enclosed within stands 
of cat-tail. 

In some locations the upper layers of 
muck are very unstable, and the 
emergent vegetation almost forms a 
floating mat. After the emergent vegeta- 
tion died and decayed many sections 
of this muck bottom broke loose and 
floated to the surface (Fig. 2). Such 
floating masses were common in 1947 
and continued to appear until falling 
water levels in 1949 grounded them. 
Some of these islands drifted consider- 
able distances. Along with them were 
great drifts of cat-tail stalks, logs, and 
debris from the lake. 

As the loose sections of bottom floated 
to the surface, they were colonized by 
plants characteristic of mud banks, in a 
succession leading to the reed marsh. 
The reed marsh species also became 
established immediately on these masses 
by seeding, and some of these islands 
were taken over directly by Scirpus, 
Typha, and other emergents (Fig. 3). 
The time of year when the area was 
exposed, the amount of subsequent 
flooding that occurred, and the plants 
already in the vicinity influenced the 
course of development. Wapato (Sagit- 


Fic. 2. Section of bottom floating at surface, 
recently emerged. 


taria latifolia), Lophotocarpus (L. caly- 
cinus), bulrushes (Scirpus validus var. 
creber and S. acutus), and cat-tail 
usually dominated an area which was 
exposed from early spring; nutgrasses 
(Cyperus strigosus and C. erythrorhi- 
zos), smartweeds (Polygonum spp.), and 
spike-rushes ( Eleocharis spp.) dominated 
the areas first appearing in summer; 
beggarticks (Bidens spp.) was often 
alone on areas emerging in late summer. 
A carpet of needle spike-rush ( leocharis 


Fic. 3. Floating island the second summer of 

emergence. Vegetation includes cat-tail, wiid 

millet, rice cut-grass, stick-tights, and nut- 
grasses. 
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acicularis) often formed in the fall. If 
the area was under shallow water, 
Sagittaria or Lophotocarpus were more 
likely to develop; if the area was above 
water but frequently flooded, seedling 
Scirpus survived while Typha was 
usually destroyed. Most Sagittaria 
stands were mixed with Scirpus seed- 
lings and Scirpus dominated the stand 
the second year. In some areas, par- 
ticularly those with Cyperus and Bidens, 
a thick growth of wild millet (Echino- 
chloa Walterz) and rice cut-grass (Leersia 
oryzoides) developed the second year. 
An admixture of young Scirpus in such 
colonies indicated that it would become 
dominant. Flowering rush (Butomus 
umbellatus) was common but not dom- 
inant. Giant bur-reed (Sparganium eury- 
carpum) rarely occurred except on mud 
banks at the rear of the marsh. Appar- 
ently its seeds are so buoyant that they 
were driven to the shore at the highest 
level where they lay in large drifts. 
As the waters receded in late 1948 and 
in 1949, exposing mud banks and flats, 
new patches of Scirpus, Sagittaria, and 
Lophotocarpus were established. Three- 
square (Scirpus americanus) spread ex- 
tensively on the new sand beaches. 
Typha was much less successful in 
colonizing by seeding, but relict stems 
and patches scattered here and there 
throughout the die-off area showed 
renewed vigor in 1948. By 1949 they 
had spread over large areas by vegeta- 
tive growth. River bulrush did not 
colonize new stations but in 1948 re- 
appeared in limited numbers in some of 
the areas it had formerly covered. In 
1949 these patches were very dense and 
additional stands showed recovery. Ap- 
parently some of the rhizomes had 
survived several years of submergence 


even though no emergent growth ap- 
peared during that time. 

In 1947 many colonies of wild rice 
were scattered through the marsh out- 
side its previous distributional bound- 
aries in areas formerly covered by 
cat-tail. It was apparently inhibited in 
these areas at first by the pure peat 
soils and could only become established 
where the peat had disintegrated into 
muck or the top fibrous material had 
washed away. It became increasingly 
abundant in 1948 but the next year, 
under conditions of lower water levels, 
was again being crowded out by cat- 
tail. Some small stands were unable to 
produce seed because of cropping by 
muskrats. 

Another plant which survived the 
period of high water but did not thrive 
was American lotus ( Nelumbo lutea). It 
was reported several years before and 
two relict stands were found in 1948. 
They did not bloom in 1947 or 1948, and 
the leaves did not rise above the sur- 
face of the water, but remained floating 
at the surface, in three feet of water. 
In 1949, when the water level was 1.2 
feet lower, the plants of one stand 
became very vigorous, lifted their leaves 
above the surface, and flowered abund- 
antly. The other patch declined and 
disappeared. 

Although the reed marsh died out in 
the deeper waters it extended its do- 
main in the newly inundated areas. The 
cat-tail, by vegetative reproduction, 
and possibly also by seeding, invaded 
the inner sedge-meadow. In addition, a 
wide band of farmland which was 
rendered too wet for cultivation was 
seeded in by cat-tail and other wet- 
land species, thereby extending the 
marsh nearly a quarter of a mile. Such 
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extension was governed by the amount 
of drainage, and the farmers drained 
additional fields each year by dyking 
them and pumping out the water. 

Marsh plants developed immediately 
on this newly flooded land; that area 
which was under water was occupied 
almost entirely by bur-reed, and cat- 
tail became established on the wet 
fields and pastures which were not 
submerged. Most of the cultivated 
fields apparently had had a border of 
river bulrush which survived and formed 
a border for new stands of cat-tail. 

The higher fields were occupied mostly 
by narrow-leaved cat-tail, with scattered 
stems of broad-leaved cat-tail and this 
resulted in a peculiar zonation of these 
species. 7. angustifolia was present in 
the deeper waters of the central area 
of the marsh and on the high meadows 
at the edge of the cultivated land, 
whereas T. glauca formed a wide belt 
on the flats between these two groups. 
The T. angustifolia in the meadows 
is depauperate and it is not clear whether 
this small form is a response to an 
unfavorable environment or represents a 
distinet genetic type. 

The return of higher water and the 
new die-off in 1952 started a repetition 
of the earlier sequence of changes in 
vegetation. Stands of 7. glauca, Scirpus 
validus var. creber, Scirpus acutus, and 
Carex stricta were killed. Scirpus fluvia- 
tilis was killed or reduced to dormancy, 
Nelumbo remained at a non-blooming, 
floating-leaf stage, and the stand of 
Zizania increased in area and density. 
Submerged aquatic plants increased 
and entered areas formerly occupied 
by emergents. The stands of Lophoto- 
carpus, as well as most other mud- 
bank plants, disappeared. Stands of 


Sagittaria rigida and S. latifolia sur- 
vived, however, and new stands of 
these appeared in that portion of the 
marsh swept by currents from the 
river. Some small patches of Scirpus 
acutus survived, but apparently all 
seedling growth of this and S. validus 
was destroyed. Polygonum amphibium 
also appeared in some abundance in the 
portion swept by the river currents. 


EcoLoGicaL CONSEQUENCES OF THE 
DIE-OFF 


A greater diversity of marsh plants 
existed in 1949 than before the die-off, 
Scirpus and Sagittaria became estab- 
lished in locations formerly covered 
by Typha and Phragmites, and mud 
bank plants covered rather large ex- 
panses. There was a shift in the relative 
importance of the two species of T'ypha; 
in 1944, 76 per cent was 7’. glawca and 
24 per cent was 7’. angustifolia whereas 
in 1949 T. glauca covered 88 per cent 
of the area in cat-tail and T. angusti- 
folia only 12 per cent. T. glauca spread 
nine times as fast as T. angustifolia 
(175 to 20 additional acres) between 
1947 and 1949 (Table 1). The new die-off 
destroyed a large portion of the 7’. glauca 
stands but it is expected that with 
lower water levels this species will again 
spread rapidly. 

The marsh was actually improved 
for waterfowl during the die-off period. 
Large blocks of non-productive cat- 
tail were transformed into open flats 
which produced plants used as food by 
waterfowl. In addition, the amount of 
wild rice was increased and was prob- 
ably of value to waterfowl even though 
red-winged blackbirds (Agelaius phoent- 
ceus) and bobolinks (Dolichonyx oryziv- 
orous) ate a large portion of the crop. 
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TABLE 1.—AmountT OF Diz-Orr AND Recovery, Pre. District 


Amount of death Amount regained 
Species 1944 to 1947 1949 
Acres Per cent Acres Per cent 
Cephalanthus occidentalis..................4. 62? 96.6 0 0 
Phragmites communis var. Berlandieri........ 99 51.8 2 | ee 
54° 100.0 45 84.8 
Scirpus sp. (lake 167 79.6 2.5 
7 41.7 oc 0 
® Period of death unknown, probably mostly before 1944 
> Some dormant, not dead 
© Spread over additional acreage as well 
TaBLe 2.—NUMBER AND Size oF Units or Cover, District 
1944 1949 
Cover Type No. of Avg. Max. No. of Avg. Max. 
Units Size Size Units Size Size 
Acres Acres 
Carex-Calamagrostis........ 34 10.4 80.6 47 4.7 37.3 
Scirpus-Typha............- 2 a 12.0 31 6.7 20.4 
20 9.6? 46.5? 90 0.7 3.0 
Typha glauca.............. 82 14.4 282.0 208 4.0 201.0 
Typha angustifolia.......... 58 6.3 55.0 105 1.1 10.0 
2 32.7 40.9 21 2.9 41.4 


In 1950 the emergent vegetation was 
in much smaller units than before the 
die-off, so that the amount of edge, 
particularly that in contact with open 
water, was greatly increased. The com- 
parative numbers of units in 1944, as 
far as known, and in 1949 are listed in 
Table 2. The total number of units 
increased 2.8 times and the average 
size declined from 11.0 to 2.9 acres. 
During the period of high water this 
change could have a great effect on 
nesting of coots (Fulica americana) and 
gallinules (Gallinula chloropus), which 
ordinarily require open water near the 


nest. New nesting habitat was available 
to them as a result of the breaking up 
of large areas of cat-tail marsh. For 
nesting, black terns (Chlidonias nigra) 
require a substrate rising above the 
water, near cover; they frequently use 
muskrat (Ondatra zibethica) houses. In 
this marsh, the lack of muskrat houses 
was compensated by the presence of 
flotage in the newly formed openings. 
There has been little reduction in the 
amount of cover available for water- 
fowl but the location has been shifted. 
The rear portions of the cat-tail stands 
were too solid to be of value and the 
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die-off opened them up in many places 
which were readily available under the 
conditions of high water levels. Duck 
nesting habitat on high ground was 
perhaps made more accessible by the 
high waters which reached into the 
meadows and ditches behind the cat- 
tails, and by the new ditches dredged 
in the farm lands. 

From 1947 to 1949 the emergent 
aquatic plants closed in the shallow 
flats and reduced the expanse that 
produced submergent food plants for 
waterfowl. However, these invading 
emergents also produced waterfowl 
foods. The Scirpus and Sagittaria, as 
well as many of the mud-bank annuals, 
are important food plants, and covered 
areas formerly dominated by cat-tail. 
A return of low water would result in 
the reoccupation of most of this area 
by cat-tails but the Scirpus stands 
would probably remain, and for a 
number of years the area will furnish 
an abundance of waterfowl foods. 

Without the flotage there would be 
few acres of solid material rising above 
the surface during periods of high water. 
Such a solid base, either flotage or mud 
banks, has an importance to birds and 
mammals far out of proportion to its 
total area. These spots provide resting 
and loafing sites, and places to feed 
or nest. Waterfowl, gulls, terns, shore 
birds, herons, bitterns, gallinules, coots, 
rails, blackbirds, and even terrestrial 
birds such as sparrows and mourning 
doves utilize these spots, frequently 
in great numbers. Before the die-off 
such firm footing must have been pro- 
vided primarily by muskrat houses 
because the mud banks were covered by 
vegetation and flotage was scarce. 

In contrast to waterfowl, habitat for 


muskrats was greatly reduced by the 
die-off. It seems probable that the large 
population of muskrats present in 
1946, if it had not been reduced in 
number by disease, would have made 
heavy inroads on the cat-tail that was 
left. Since then the muskrats have 
slowly increased, but they had not yet 
reached a saturation point by 1950. 


SUMMARY 


An abrupt die-off of marsh vegetation 
occurred during the winters of 1945- 
1946 and 1951-1952 in marshes con- 
nected with Lake Erie. Intensive studies 
of conditions were made on one of those 
marshes in southeastern Michigan 
where the two die-offs involved areas 
of 1260 and 400 acres respectively. The 
plants concerned included two species 
of cat-tail, four sedges, and one grass. 

The catastrophe occurred during a 
period of years of generally rising or 
high water levels which inhibited growth 
of river bulrush and lotus, but had 
comparatively little effect on reed marsh 
species. The die-offs of reed marsh 
species occurred during winters of 
unusually high water levels, which sub- 
merged dormant shoots and presum- 
ably killed the plants. Beaches and 
shores were destroyed and farmlands 
flooded and converted to marsh. 

Some stands of T. angustifolia and 
individual shoots of 7’. glauca survived 
the first die-off and partially recovered 
the area by vegetative propagation. 
The second submergence killed out a 
wide belt of vegetation behind the 
former kill, but some stands survived. 

The die-off areas were occupied by a 
succession of submerged aquatic plants, 
floating-leaf forms, and wild rice. A 
period of falling water level occurred 
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after the first die-off, and during that 
time exposed mud flats were colonized 
by a variety of wet-land plants, in- 
cluding reed marsh species. The exact 
succession depended largely on the time 
of year exposure of the soil occurred and 
the amount of subsequent flooding. 

Immediate effects of the die-off were 
an increase in the amount of submerged 
waterfowl food plants, the break up of 
large blocks of reed marsh, an increase 
in the amount of edge between reed 
marsh and water (important in coot and 
gallinule nesting), the formation of 
expanses of flotage or, mud banks above 
the water level, and a reduction in the 
amount of muskrat habitat. 

Later effects included an increase in 
the round-stem bulrush facies of the 
reed marsh through establishment by 
seeding, an increase in 7’. glauca in 
comparison with 7. angustifolia due to 
more rapid vegetative reproduction, and 
a deepening of portions of the marsh by 
the rising and drifting of masses from 
the bottom. 
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INTRODUCTION 


In the summer of 1948, John Earl, of 
the California Division of Fish and 
Game, studied the nesting of mallards 
(Anas platyrhynchos) on the Conaway 
Ranch, a tract of about 19,000 acres of 
irrigated farm land in the central 
Sacramento Valley a few miles south- 
east of Woodland, Yolo County. He 
found that a breeding population of 
about 400 pairs of mallards increased to 
approximately 2,000 birds in late sum- 
mer, and his published findings (Earl, 
1950) were accepted as an average 
measure of performance for mallard 
breeding in this habitat. The following 
year, however, the study was repeated 
by the present author with very different 
results. A somewhat reduced breeding 
stock—260 pairs or 520 birds, more or 
less—produced very few broods, and 
at the end of the reproductive period 
the total population actually had shrunk 
to 210 birds instead of having increased. 
It was obvious that some factor in the 
environment had changed materially to 
preclude successful reproduction in 1949. 

These findings led to an analysis of 
possible factors that might have caused 
this tremendous drop in breeding per- 
formance. Such things as changes in 
acreages of crops raised, use of insecti- 
cides and herbicides on the study area 
that might possibly have been deleterious 
to mallards, excessive predation, and 
several climatic factors (temperature, 
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wind velocity, relative humidity, pre- 
cipitation) were all investigated. The 
only factor that could be correlated with 
the reduction in population was the 
amount of rainfall, and a corresponding 
shift in relative humidity. Dry con- 
ditions in 1949 were suspected of caus- 
ing both the drop in nesting popula- 
tion and more importantly the severe 
drop in nesting success. 

Repetition of the field study in 1950, 
humidity readings from mallard nests 
in 1952, study of weather records for 
six years (1948-1953), and incubation 
experiments in 1952 and 1953 indicate 
that moisture relationships of eggs may 
indeed explain, at least in part, the 
marked fluctuations in reproductive 
success from year to year. 


Frevp Srupies or NEstTING Success 


The techniques used in the present 
study to acquire production data in 
the field were fully described by Earl 
(op. cit.). His methods were followed as 
closely as possible so that data ob- 
tained in subsequent years could be 
compared directly with those for 1948. 
A census was made of breeding pairs 
before nesting began, to determine the 
actual breeding population on the 
study area. Nest counts and brood 
counts were made during the nesting 
season. At the end of the breeding 
season, before local birds became widely 
dispersed, an aerial census was taken to 
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determine the total mallard population 
on the Conaway Ranch. The production 
of mallards on the study area could 
then be calculated. 

The data obtained are summarized 
in Table 1. 

The reduction in number of breeding 
pairs during the period of intensive 
study (1949, 1950) was probably due 
to reduction in attractiveness of the 
area, because of dry conditions in those 
years. According to Hochbaum (1944) 
adult birds that have bred in a given 
locality will tend to return there for 
subsequent nestings, but young mal- 
lards do not necessarily breed in the 
precise area where they were hatched 
if there are other more attractive 
grounds nearby (Lincoln, 1934). Under 
optimum water conditions, it is possible 
that young birds produced on the 
Conaway Ranch, or on other areas in 
the valley, move into the study area to 
nest, thereby accounting for high breed- 
ing populations in wet years, such as in 
1948. In years of low spring rainfall 
these young birds may pass over such an 
area due to lack of water on which to 
establish a territory. Without this 
influx of new birds, and with the 
constant drain on the resident breeding 


population through normal mortality 
and hunting, the number of breeding 
birds on the ranch is bound to decline. 

Apparently there was sufficient suit- 
able habitat available in years of low 
spring rainfall to permit approximately 
100 pairs of birds to nest on the study 
area. 

Even though many more broods were 
counted in 1948 than in either 1949 or 
1950, average brood size was approxi- 
mately the same for all three years. 
Thus, it appeared that if a hen mallard 
was successful in hatching a brood, it 
usually was a normal-sized brood. It 
seemed that the major reason for the 
reduced number of birds present at the 
end of the 1949 and 1950 breeding sea- 
sons was the small number of broods 
produced rather than a reduction in 
brood size. The situation led me to focus 
attention on a possible relationship be- 
tween moisture in nests and hatching 
of eggs. 

The amount of rainfall that occurred 
in April and May (the principal nesting 
months), and the number of days of 
rainfall in each month, in relation to the 
mallard population in each of the years 
of the study is shown in Figure 1. Of 
.79 inches of precipitation that fell in 


1.—SummMary OF FIELD OBSERVATIONS ON THE Conaway Rancu, 1948-53 


1948 1949 1951 1952 


Territorial census of mallards 
260 
35 
Average clutch size : 5.7 
Broods counted 12 
Average brood size 4.7 
Post-breeding aerial census 
(adults plus young) 
Recorded rainfall in April-May 
(inches) 


210 
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Fig. 1. Relation of spring rainfall to mallard 
production on the Conaway Ranch, 1948 
to 1953. 


INCHES OF RAINFALL 


19486 


April, 1950, .59 inches came in one day 
at the end of the first week, before 
many birds were nesting. Therefore, in 
this instance, Figure 1 does not truly 
represent the amount of precipitation 
that was available to most of the nest- 
ing birds that month. 

Only a few days were spent looking 
for broods on the study area in 1952 and 
1953. Nine broods were found during a 
3-day search in 1952, averaging 6.5 birds 
per brood. These broods were seen about, 
May 1, so the eggs would have been 
incubated during April. Weather records 
show that 1.04 inches of rain fell in 6 
days during April, 1952. 

Thirty-eight broods were seen in 3 
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days of 1953—more than were found in 
1949, 1950 and 1952 combined. They 
averaged 6.0 birds per brood. These 
broods were seen about June 1, so the 
eggs must have been incubated in April 
and May. April had 2.25 inches of rain- 
fall in 9 days, May had 0.35 inches in 
8 days. Almost all the broods found 
were about one week old, indicating 
that the peak of hatch in 1953 probably 


occurred during the last week in May. 


Thus, the rainfall in May would appear 
to be the more important to the eggs in 
this instance. In conjunction with labo- 
ratory data discussed later, this would 
seem to imply that a large amount of 
moisture at one time is not necessarily 
required for a successful hatch, but 
rather that some water reach the eggs 
at relatively frequent intervals. Al- 
though fragmentary, this bit of evidence 
further supports the supposition that 
rainfall during the nesting period is re- 
lated to the success of the mallard hatch 
in this region. Not only amount of pre- 
cipitation, but also frequency of precipi- 
tation, may affect the hatch. Apparently 
nearly all breeding birds brought off 
broods during the wet year of 1948, but 
only a few pairs were successful in pro- 
ducing broods in the dry years of 1949 
and 1950. The spring of 1953 was wetter 
than the preceding four years, and the 
limited field observations indicate that 
an improved hatch occurred in that year. 

The findings of 1949 and 1950 agree 
with those of Earl (op. cit.) regarding 
location of nests. The principal crops 
produced on the ranch are rice, wheat, 
and barley and part of the land is de- 
voted to irrigated pasture. The great 
majority of nests were found in grain 
fields (wheat and barley), usually at 
some distance from water. Although the 
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greatest number of nests were found in 
wheat in 1948, barley seemed to be the 
preferred site for nests in 1949 and 1950. 
A partial explanation for this was the 
greatly reduced wheat acreage in these 
years, although wheat did not seem to 
contain as many nests per acre as barley. 
A few nests were found along ditchbanks 
and on rice levees, but these appeared 
to be subject to a greater amount of 
predation than nests in grain fields. It 
was evident that mammalian predators, 
such as skunks and feral house cats, 
were using ditchbanks and levees as 
highways for travel, as droppings and 
tracks were much more in evidence in 
these situations than elsewhere. Thus, 
the relatively smali number of nests 
that were located in areas with possible 
favorable moisture conditions during 
the dry years of 1949 and 1950 was 
probably further reduced through the 
action of predators. 

As a working hypothesis it was as- 
sumed that in wet years all nests are 
supplied with sufficient moisture to 
hatch the eggs, no matter where the 
nests are located. Nests half a mile from 
the nearest ditch would have just as 
much chance for success, on the basis 
of moisture, as nests along ditchbanks. 
In dry years, on the other hand, it 
seemed reasonable to assume that only 
those birds nesting in close proximity to 
water would have a chance for a suc- 
cessful hatch. A bird that can climb out 
of a ditch and walk up the bank to its 
nest can probably bring back sufficient 
moisture on the feathers to dampen the 
eggs enough to hatch. This could ex- 
plain the very small number of average- 
sized broods that appeared during the 
dry years of 1949 and 1950. A bird that 
nests far enough out in a grain field to 


require the bird to fly back to its nest, 
however, presumably is unable to return 
with sufficient moisture on the feathers 
to do the eggs much good. Since it has 
been shown that the great majority of 
birds in this area nest in grain fields, 
the number of nests receiving sufficient 
moisture in dry years would be quite 
small. 


Houmipiry MAuuarp NEsts 


It was decided that the normal mois- 

ture conditions in mallard nests should 
be determined as one test of the impor- 
tance of moisture in incubation. Rela- 
tive humidities and temperatures were 
recorded in thirteen active mallard nests 
and three gadwall nests on the Gray 
Lodge State Game Refuge in an attempt 
to determine normal moisture conditions 
in nests. Temperatures were measured 
by HB Centigrade laboratory ther- 
mometers, and relative humidity records 
were obtained with a Serdex hygrom- 
eter, Model 201. In nearly every in- 
stance, thermometer and hygrometer 
were placed in the nest within 15 seconds 
after the female flushed from the nest. 
Records were made in a few nests that 
obviously had been without a female for 
quite a period of time to see what dif- 
ferences in temperature and relative 
humidity could be found. Ground tem- 
perature and relative humidity were 
recorded just after the first and last 
nests were examined each day. The 
data recorded in this portion of the 
study are shown in Table 2. 

May 16 and May 23, 1952, were 
clear, whereas June 6 was completely 
overcast when nest records were made. 
The number of nests is so small, and 
the hatching data from these nests so 
inadequate that no satisfactory con- 
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TaBLe 2.—TEMPERATURE AND RELATIVE Humipiry In MALLARD Nests, 1952 


No. of eggs 9 7 9 5 7 


8 8} 10 5 1 5 1 


Distance from water} 10 3 50 | 600 50 


(feet) 


350 


100 | 50] 300 3 | 300 | 150 


Height of cover 30 30 
(inches) 


18 36 


Approx. time eggs 
were exposed (sec.) 


Nest temp. (°C.) 


Nest relative 
humidity (%) 


Ground temp. (°C.) 


Ground relative 
humidity (%) 


Approx. time eggs 
were exposed (sec.) 


Nest temp. (°C.) 


Nest relative 
humidity (%) 


Ground temp. (°C.) 


Ground relative 
humidity (%) 


Approx. time eggs 
were exposed (sec.) 


Nest temp. (°C.) 


Nest relative 
humidity (%) 


Ground temp. (°C.) 


Ground relative 
humidity (%) 61 71 


Success of nest Des. | Des. | D.P.| D.P. 


3 
. | D.P. |Hatched 


D.P.| Des. | D.P. |Hatched 


*—Nest deserted before reading taken 


clusions can be drawn. Nevertheless, it 
can be seen that nest temperatures and 
relative humidities rarely varied a great 
deal from the ground temperatures and 
ground relative humidities outside the 
nests. This could be shown more con- 
clusively if ground temperature and ex- 


D.P.—Destroyed by predator 


ternal relative humidity had been re- 
corded at each nest site each time the 
nests were examined. Data would be of 
more value if number of records per nest 
was constant. This was impossible, how- 
ever, because several nests were de- 
stroyed between visits. 


|__| 30 
26 12 24 24 6 30 
| 33 | 33 |34.5] 31 32 29 
3 29 30 26 28 33 31 
33 28 
bebe 
Fe 36] 32] 38] 34] 36 34 19 34 28 36 
40|/ 45| 34] 31] 25 42 39 45 | 31 
36 22 
| ps * | 15 15 15 15 15| ? 
PF 23} 32 26 35 30 25| 28 
| 24 17 
| 
. D.P. |Hatched | Des 
Des.—Deserted 
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Only when the sky was 100 per cent 
overcast, on June 6, were nest relative 
humidity readings above 50 per cent. 
Usually there are relatively few days 
during the breeding season on which 
the sky is completely overcast, so the 
number of days with a high relative 
humidity in the nest would apparently 
be rather limited. Since mallard eggs 
require considerable moisture to hatch, 
as will be shown presently, it seems 
from these field measurements that sup- 
plemental water in some form must be 
added to the nest to bring off eggs in 
this dry climate. Spring rainfall solves 
the problem for all nests, judging from 
results observed in 1948 and 1953. The 
hens may bring some water in their 
plumage, but not enough, apparently, 
in dry years. To understand specific 
water requirements for hatching called 
for experiments on incubation which 
were conducted in 1952 and 1953. 


INCUBATION EXPERIMENTS 


Optimum relative humidity require- 
ments for artificial incubation of eggs of 
several kinds of birds have been deter- 
mined, but little is known of these re- 
quirements in the mallard. Romanoff 
(1934) found, for example, that to hatch 
pheasants and quail artificially, a rela- 
tive humidity of from 65 to 75 per cent 
must be maintained. Insko (in Taylor, 
1949) reports that 60 per cent relative 
humidity is optimum for chickens, 61 
to 63 per cent for turkeys. Romanoff 
(1943) states that continuous exposure 
to relative humidities as high as 80 per 
cent gave the best hatch with domestic 
runner ducks, while Rolnik (1943) ad- 
vises a relative humidity from 55 to 65 
per cent for the artificial incubation of 
eider duck eggs. Several authors, among 


them McAtee (1942), Romanoff (1943), 
Rolnik (1943), and Lee and Haynes 
(1933), have stated that sprinkling duck 
eggs improves the hatch in artificial 
incubation. 

From this information, it appears that 
the moisture factor is indeed important 
in incubation, but there is little or no 
experimental evidence to show just how 
important it is in the case of the mallard. 
Therefore, it was decided to incubate a 
series of mallard eggs at each of several 
relative humidities to determine the 
optimum relative humidity for this 
species. 

In all, 1,155 mallard eggs were incu- 
bated at a constant temperature, but at 
different relative humidities, on the 
Davis Campus of the University of Cali- 
fornia. The incubator was an insulated 
room 10’ x 93’ x 5’, heated by two elec- 
tric heaters. The temperature was con- 
trolled by thermostat. Air was circu- 
lated continuously by an electric fan, so 
that temperature was maintained at 
37.5°C. 

The eggs were placed on hardware 
cloth trays in four plywood boxes that 
measured 30” x 24’”’ x 10’. A fifth series 
of eggs was placed on an open shelf. In 
the bottom of each box, and beneath 
the extra shelf, a metal pan 103” x 203” 
x 23” was placed, each containing a 
saturated solution of a chemical that 
held the relative humidity constant in 
that particular box. The relative humidi- 
ties used in the experiment, and the 
saturated solutions that maintained 
those humidities were: 

40% _ (in room proper) 
65% 
75% 
85% 
90% 


NaCl 
NaCl 
KCl 
K2SO, 
(2 pans) H:O 


| 
| 
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The boxes were checked daily with the 
Serdex hygrometer to determine whether 
relative humidities remained constant. 
A recording hydrothermograph was kept 
in the incubator, so that any changes in 
temperature of the room would be re- 
corded. In. addition, a laboratory ther- 
mometer was present in each box in 
order that any differences in tempera- 
tures between boxes could be noted. 

Eggs used in 1952 were obtained from 
four flocks of semi-domestic mallards, 
as follows: Gibson Ranch and Game 
Farm, St. Helena, California; Russell 
Thomas, Sebastopol, California; Victor 
Morejohn and Zack Farmer, both of 
Davis, California. It was felt that by 
using eggs from several sources, any 
reproductive deficiencies in one popula- 
tion could be noted when results were 
checked against results of other popu- 
lations. 

No eggs were available from any of 
the original sources in 1953, so eggs 
were obtained from W. W. Wilson of 
Davis, California. As no noticeable 
difference was found between eggs from 
different sources in 1952, no attempt 
was made to find an additional egg 
supply in 1953. 

The eggs were placed flat on trays and 
were turned at least three times a day. 
All eggs were candled at the end of the 
first week of incubation, and infertile 
ones were removed. Contents of eggs 
that did not hatch were examined. A 
number of the dead embryos were meas- 
ured and weighed in the hope that some 
information could be acquired about 
reasons for hatching failure, but no 
useful results were obtained. 

The incubation experiments were first 
laid out on the assumption that at very 
high humidities, enough moisture would 


be available to the eggs that extra mois- 
ture would be unnecessary. However, 
this was not found to be the case. Only 
7 eggs hatched from the first 200 fertile 
eggs that were set. Five of the 7 eggs 
hatched at 75 per cent relative humidity, 
so it was felt that this probably would 
prove to be optimum. But clearly, the 
mere holding of eggs at high humidity 
was not enough to bring them off. It 
was then decided to repeat the experi- 
ment with one modification. This time 
a series of eggs at each relative humidity 
was dipped once in warm water, with 
some undipped eggs present at each 
relative humidity as a control. The dip- 
ping occurred during the second week 
of incubation. 

Although the hatch of eggs dipped 
once was much better than that of un- 
dipped eggs, it still left much to be 
desired. By this time the ducks had 
finished laying for the season, so addi- 
tional incubation experiments were con- 
ducted in 1953. As none of the eggs at 
90 per cent relative humidity had 
hatched under any circumstances, this 
relative humidity was eliminated in 
1953. Undipped eggs that were used for 
controls were set at 75 per cent relative 
humidity, that being the humidity at 
which most undipped eggs had hatched. 
The remainder of the eggs were divided 
equally into two groups for each relative 
humidity. One group at each humidity 
was dipped once a week (3 dippings), 
and the other group was dipped once a 
day. Otherwise the procedure was identi- 
cal with that of 1952. 

The hatch of fertile dipped and un- 
dipped eggs at each relative humidity is 
shown in Figure 2. It can be seen that 
if little or no direct moisture is added to 
the eggs, a rather high relative humidity 
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PERCENTAGE HATCH 


7” ONCE 


40 75 85 


65 
RELATIVE HUMIDITY (%) 


Fic. 2. Percentage hatch of fertile mallard 
eggs at various relative humidities and with 
different frequencies of dipping. 


(75%) is required to hatch many eggs. 
On the other hand, eggs incubated at 
lower humidities (40%, 65%), if dipped 
in water often enough, produce a better 
hatch than eggs incubated at the higher 
relative humidities with or without 
dipping. The best hatch occurred with 
eggs set at 65 per cent relative humidity 
and dipped once a day. It is probable 
that the optimum relative humidity lies 
somewhere between 65 and 75 per cent. 
However, at all relative humidities (ex- 
cept 85 and 90 per cent) the oftener that 
water was applied to the incubating 
eggs, the better the resulting hatch. It 
has been shown that relative humidities 
in wild nests in this area are usually 
rather low (Table 2). Considerable pre- 
cipitation must be required during the 
nesting season to approach optimum 
conditions for hatch. That this relation- 
ship probably occurs is indicated by 
field data discussed earlier. 


A series of eggs at each relative hu- 
midity was weighed in an attempt to 
discover what effect weight loss had on 
hatching. It was found that a fairly 
wide range in loss of weight could occur 
without producing any harmful effects 
on the developing embryo. As would be 
expected, least weight was lost at high- 
est relative humidity. Eggs weighing as 
much as 75 grams at the beginning of 
incubation lost only 1 to 1.5 grams 
(about 2%) throughout the entire in- 
cubation period at 90 per cent relative 
humidity. It is believed this very small 
loss in weight may have been in some 
way connected with the hatching failure. 
Eggs at 85 per cent relative humidity, 
weighing an average of 70 grams, lost 
an average of 4 grams (6%), those at 
75 per cent relative humidity averaged 
7 grams (10%), and those at 65 per cent 
relative humidity averaged 8 grams 
(11%), while at the lower extreme, eggs 
at 40 per cent relative humidity lost up 
to 10 grams (14%) without preventing 
hatching. Thus, it appears that the 
amount of weight lost by the eggs can 
be rather variable without undue effects, 
but some weight loss probably must 
occur to enable embryos to develop 
normally. 

The results of the laboratory experi- 
ments indicate that direct application 
of water to the egg is necessary to pro- 
duce a successful hatch. Of secondary 
importance is the maintenance of a 
moderate relative humidity in conjunc- 
tion with actual wetting of eggs. 


Discussion 


Both field and laboratory data sup- 
port the hypothesis that spring rainfall 
is the critical factor in mallard produc- 
tion in the Sacramento Valley. There 
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is evidence from other sources that tends 
to add weight to this assumption. For 
example, Lackie (1930) found, during 
his studies on the weight loss of mallard 
eggs under artificial incubation, that if 
he sprinkled the eggs with warm water 
during the last half of incubation, he 
obtained a distinctly better hatch. In 
one test lot, 62.6 per cent of sprinkled 
eggs hatched while only 28.2 per cent 
of unsprinkled eggs hatched. Surpris- 
ingly enough, sprinkled eggs lost weight 
more rapidly than those not sprinkled. 
He felt that possibly the capillary spaces 
in the shell act as a wick, and when 
primed with water from the outside, 
conduct inner moisture to the shell sur- 
face, where it evaporates more rapidly 
than through a dry shell. 


Randles (1952), reporting on his work 
with domestic geese, states that only 
27.5 per cent of undipped eggs hatched 
when incubated at 90-91°F. wet bulb 
reading, whereas 73.0 per cent of the 
control group of dipped eggs hatched. 
He found no significant difference in the 
hatching of dipped eggs as compared 
with sprinkled eggs. 


Hanson (1951), speaking of artificial 
incubation of wood duck eggs, states 
that “perhaps the chief reason for the 
relatively poor hatch was inadequate 
moisture conditions. At the Delta Duck 
Station, Delta, Manitoba, the relative 
humidity is held near the saturation 
point and the eggs are sprayed with 
water several times daily. This latter 
procedure is also carried out by the Fin 
and Feather Club, located near Dundee, 
Illinois, in the incubation of mallard 
eggs. It is followed by commercial duck 
hatcheries when the eggs are near the 
hatching stage, according to Dr. H. M. 


Scott of the University of Illinois Col- 
lege of Agriculture.” 

To some degree this relationship seems 
to apply to some gallinaceous birds as 
well as waterfowl. Gerstell (1936) re- 
ported a consistently better crop of bob- 
whites in wet springs than in dry springs 
in Pennsylvania. Leopold (1951) states 
that the critical factor controlling pheas- 
ant distribution in California seems to 
be ground moisture. The species thrives 
only on irrigated lands or where rainfall 
or fog keeps the ground moist. Presum- 
ably moisture is required to hatch the 
eggs. Following dry springs, the ratio of 
young to adults drops far below that 
found in wet years. It has been reported 
by Macgregor (in Buss and Swanson, 
1950) that in California, the year 1948 
had the best pheasant hatch observed 
in five years, whereas 1949 and 1950 
had some of the worst hatches in recent 
years. This statement is borne out by 
the findings of Ferrel et al. (1949) for 
1948, Harper et al. (1951) for 1949, and 
Hart et al. (1951) for 1950. This occur- 
rence in pheasants, then, parallels that 
found in mallards in the same area. 

Romanoff and Romanoff (1949) report 
that “the eggs of waterfowl (ducks and 
geese) contain less water and more fat 
than the eggs of land birds, probably 
because of greater heat requirements of 
the developing embryo.”’ It is possible 
that additional moisture must be added 
from outside the egg to maintain the 
proper metabolic activity in the develop- 
ing eggs of a waterfowl species such as 
the mallard, which usually does not nest 
near a body of water or in a swamp, but 
rather in dry situations some distance 
from water. 

Apparently it is difficult to subject 
mallard eggs to too much moisture. 
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Girard (1941) reported 7 of 9 mallard 
eggs hatching after they had been 
flooded for 22 hours. Lippincott and 
De Puy (1923) have even produced nor- 
mal chicks from eggs that were placed 
in half an inch of water for the first 18 
days of incubation. Therefore, it does 
not seem probable that mallard eggs in 
the Sacramento Valley would normally 
be subjected to too much moisture, even 
in very wet years. 

Sufficient moisture must be main- 
tained in successful nests in dry years, 
but the means by which this is accom- 
plished is still unknown. Unfortunately, 
so far it has been impossible for the 
author to keep any incubating mallard 
hens under observation to see whether 
they are able to bring any appreciable 
amount of water back to the nest. How- 
ever, some information on this matter 
has been brought to my attention by 
several California ranchers who keep 
domestic mallards. Walter Wolgamott 
and Russell Thomas both state that 
they have noticed incubating mallards 
on their ranches quite frequently going 
from the nest to the watering trough 
toward the end of the incubation period. 
W. W. Wilson says that he has seen 
female mallards on his ranch go to a 
pond as often as once an hour near the 
end of incubation. Victor Morejohn re- 
ports that when his mallard hens re- 
turned to the nest after a swim, he 
noticed that they preened the breast 
and back feathers while standing over 
the nest. At this time he saw the excess 
moisture that was still present on the 
feathers removed by the bill, most of it 
falling into the nest. These birds were 
able to walk from the nest to water; 
they did not have to fly. 

Kossack (1950) reports that ‘several 


observations were made of incubating 
geese that left their nests to feed and 
rest. Upon returning, they would stand 
in the nest, allowing the water on the 
feathers to drip on the eggs. Whether 
this moistening of the eggs aided in suc- 
cessful hatching is not known.” The 
majority of nests found were within 7 
feet of water, the greatest distance being 
102 feet. 

Admittedly, this evidence is only cir- 
cumstantial, but at least it gives an 
indication as to the means whereby a 
few normal-sized broods could be pro- 
duced in dry years. 
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SUMMARY 


Production of mallards on the Cona- 
way ranch in the central Sacramento 
Valley was found to be high in years of 
high spring rainfall and very low in 
years of spring drought. Apparently in 
dry as well as wet years the birds nested, 
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but relatively few broods came off except 
in wet springs. Studies were undertaken 
to determine the relation of moisture to 
hatch of mallard eggs. 

Measurements of temperature and 
relative humidity conditions within mal- 
lard nests were taken, but direct correla- 
tion with hatching success was not found. 

A series of eggs was incubated at five 
relative humidities. Some of the eggs 
were treated with direct application of 
varying amounts of water. Hatching 
results were very poor in those eggs that 
received no water directly. At all rela- 
tive humidities (except 85 and 90 per 
cent), the more often water was applied 
to eggs, the better the hatching results. 
The best hatch was obtained with eggs 
incubated at 65 per cent relative hu- 
midity and dipped in warm water once 
a day. 

Apparently the direct application of 
water to the eggs is necessary to obtain 
a successful hatch. Relative humidity 
plays a secondary role in the hatching 
results. Therefore, year to year varia- 
tions in hatching success of mallards in 
the Sacramento Valley probably are re- 
lated to frequency and timing of direct 
wetting of eggs by rainfall. 

It is suggested that the few successful 
broods produced in dry years come from 
nests that are close to water, the 
assumption being that the incubating 
birds can bring sufficient moisture to 
the eggs on the feathers. However most 
nests are located in grain fields far from 
water and are dependent upon rainfall 
for hatching. 
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OF FULLER CREEK, MONTMORENCY COUNTY, 


Beaver ponds have been traditionally 
regarded as ideal trout habitat by trout 
fishermen, primarily because a popula- 
tion of trout often is concentrated in a 
comparatively small area which may be 
fished over readily. Also many beaver 
ponds yield trout whose average size 
is often greater than for fish found under 
normal stream conditions. No fisheries 
manager can object to these two general 
characteristics of beaver-made impound- 
ments, but he must weigh these favor- 
able aspects against known undesirable 
effects of beaver dams on the stream 
drainage below, as well as above, the 
site of beaver activity. Perhaps the 
most important consideration is the 
effect of beaver impoundments on 
water temperatures in areas further 
downstream. An excellent opportunity 


1 Contribution from the Michigan Institute 
for Fisheries Research. 


MICHIGAN ! 


David S. Shetter and Marvin J. Whalls 
Michigan Department of Conservation, Lewiston, Michigan 


to study the effect of an impoundment 
on trout stream temperatures has existed 
on the experimental waters of the Hunt 
Creek Fisheries Experiment Station in 
southwestern Montmorency County, 
Michigan, since the inception of the 
station in 1939. This paper describes 
observations made in connection with 
the changes resulting from re-establish- 
ment of an old beaver dam, on the 
subsequent stream temperatures below 
the dam. 

When the station was established in 
1939, Fuller Creek Pond (Fig. 1) im- 
pounded about 12 acres of water. The 
pond was very irregular in shape and 
flooded much cedar, spruce and tam- 
arack. The origin of the water im- 
pounded by beaver is primarily springs, 
which at their source have temperatures 
ranging from 46 to 50° F. Because the 
beaver dam spread these waters over a 
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considerably greater area than the orig- 
inally shaded stream channel, the waters 
were exposed to the warming effects of 
the sun’s rays. During periods of high 
summer temperatures, surface waters of 
Fuller Creek Pond at the dam were 
noted to reach temperatures of 70—80° 
F. when the air temperatures were 
80-90° F. Although the date of establish- 
ment of the dam has never been deter- 
mined accurately, our observations plus 
accounts of local fishermen suggest that 
beaver built it about 1935. 

About 200 yards below Fuller Creek 
Pond, the waters of Fuller Creek are 
further augmented by the outflow of 
East Fish Lake. In periods of hot 


summer weather this lake water is 
relatively warm—it often reaches 80° 
at the surface. The East Fish Lake 
outlet water is tempered slightly by 
limited spring-water seepage between 
the lake and its confluence with Fuller 
Creek. 

Below the confluence of Fuller Creek 
and East Fish Lake outlet, Fuller Creek 
flows easterly for about 0.75 mile 
through a narrow, steep-sided valley 
which is more or less completely oc- 
cupied with a dense cedar-spruce-tam- 
arack swamp. Considerable spring 
water, almost all of which is completely 
shaded, flows into Fuller Creek from 
the sides of the swamp valley, and this 
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flow noticeably increases the volume of 
the stream in the area above the road 
bridge. From the bridge downstream 
to the junction of Fuller and Hunt 
Creeks, the bankside vegetative cover 
of Fuller Creek is of more open charac- 
ter, although the stream flows mainly 
through what was originally a low, flat 
cedar swamp. The current of Fuller 
Creek varies from moderate in the 
upper portion to rapid and turbulent 
through the narrow valley, where it 
drops at least 25 feet in a half-mile. 

Fuller Creek Pond provided com- 
paratively good brook trout fishing in 
1939 and 1940 under rather heavy 
angling pressure. However, by 1942, 
much of the beaver dam had rotted and 
a large portion of the pond area had 
been lost. By 1943, the dam had lost its 
ability to retain a head of water, and 
the stream had returned to its original 
relatively narrow channel. 


In January, 1942, a recording thermo- 
graph was installed on Fuller Creek 
about one mile downstream and east of 
Fuller Creek Pond (at the point desig- 
nated T on the map, Figure 1). At this 
site, any changes in water temperature 
induced by factors located upstream 
would be recorded. Except for three 
periods? a continuous daily record of 
fluctuations of air and water temper- 
atures is available. 

Because of the high quality of fishing 
which had been enjoyed on the beaver 
pond during 1939 and 1940, the im- 
poundment was re-established in May, 
1949 by a Michigan Department of 


* During the periods May 1 — October 11, 
1943; September 3, 1948 — January 3, 1949; 
and October 31, 1949 — May 1, 1950 the thermo- 
graph was out of operation for repairs. 


Conservation Lake and Stream Im- 
provement crew under the supervision 
of O. H. Clark. An earth-fill dam was 
erected on the site of the old beaver 
dam, and it was found that there was a 
natural spill at the proper elevation on 
the south side which permitted the 
approximate original level to be main- 
tained. 

The present pond differs from the 
original impoundment in that the water 
current does not flow the full length of 
the pond as it did previously. A minor 
amount of seepage water is returned to 
the original channel because the dam 
was not sheet-piled. The major portion 
of the present outflow now follows the 
outlet shown on the south side of the 
pond. The lower ponded area receives 
little or no mixing effect that would be 
caused by a continuous channel through 
the impoundment. The area of the pool 
impounded by the new dam is 14.58 
acres. 

Thermograph records for three years 
just prior to re-impoundment (1946, 
1947, and 1948—a period for which 
Fuller Creek might be considered as 
normal) have been compared with the 
records for the three years (1949, 1950, 
and 1951) following re-impoundment. 
Average daily air and water temper- 
atures were calculated for critical periods 
for which records are available. The 
critical temperature periods in a trout 
stream are generally during the months 
when highest temperatures prevail— 
June, July and August—and to some 


extent during the coldest months— 


January, February and March. 
Average daily temperatures were de- 
termined in a manner similar to that 
used by the U. 8. Geological Survey in 
calculating average daily water flow, 
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etc. from their recording instruments. A 
glass or plastic slide, on which a fine 
horizontal line is drawn, is placed on the 
temperature record for any given day 
(midnight to midnight) with the ruled 
line parallel to the horizontal tempera- 
ture lines of the thermograph record. 
The position of the ruled line is adjusted 
vertically until equal areas, estimated 
visually, are produced above and below 
the ruled line and within the bounds of 
the temperature curve. The average 
daily temperature is read at that point 
where the ruled line crosses the temper- 
ature record to the nearest Fahrenheit 
degree. 

Daily temperatures were then aver- 
aged to give monthly means, and means 
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for each of the three summer months, 
for the two three-year periods under 
comparison. 

Average daily air and water temper- 
atures for Fuller Creek, for each of the 
summer months (June, July, August) for 
the three-year periods before and after 
construction of the dam, are listed in 
Table 1, and similar data for the winter 
months (January, February, March), 
in Table 2. The average of water 
temperatures for June of 1949-1951 
exceeded that for June of 1946-1948 by 
10.12° F.; for July the corresponding 
difference was 8.83° F.; and for August, 
6.50° F. These differences were of a 
magnitude important to the stream as 
trout habitat. Obviously the differences 


Month | Item Period 


No. of 
obser- 
vations 


Average 
daily 
temp. 


S. E. of 
Standard | Standard dif- t P 
deviation | error ference 


1946-1948 


1949-1951 


1946-1948 


1949-1951 


61.85 


64.34 


50.28 


60.40 


8.069 
7.464 
2.340 


3.212 


0.855 


0.787 


0.248 


1.162 


2.14 


1946-1948 


1949-1951 


1946-1948 


1949-1951 


66.00 


66.63 


52.88 


61.71 


5.386 


5.985 


2.558 


2.990 


1946-1948 


1949-1951 


1946-1948 


1949-1951 


64.75 


62.44 


53.12 


59.62 


7.534 


89 
90 | 
June 
Water 0.420 | 24.10) 99.9+ 
Air 0.867 0.73} 53.4 
July 
Water 0.422 | 20.92) 99.9+ 
Air 0.942 2.45} 98.6 
72 Mmm (4.420 | 0.521 
August 
93 4.030 0.418 
Water 0.528 12.31) 99.9+ 
74 2.767 0.322 
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were mostly a result of re-establishment 
of the impoundment; the differences can 
be related only to a small extent to 
differences in air temperatures. For 
June, the average of air temperatures in 
the period following replacement of the 
dam was 2.49° higher than before, while 
for July the figure for the later period 
was 0.63° higher, but for August the 
figure for that same period was 2.31° 
lower than for the earlier one. 
Analyses of midwinter temperatures 
(January, February and March) also 
showed that the stream was slightly 
warmer in the period after re-installation 
of the dam (Table 2). Significantly 


colder average daily air temperatures 
were recorded for January and Febru- 
ary in the period 1946-1948 than for the 
period 1949-1951, but the average 
daily air temperatures for March were 
approximately the same in both periods. 
Averages of daily water temperatures 
for individual winter months in the 
post-impoundment period were 0.82 to 
2.75° warmer than in the period pre- 
ceding impoundment, and these dif- 
ferences were found to be statistically 
significant. 

A possible factor which might have 
influenced water temperatures is the 
variation in the flow of Fuller Creek 


TABLE 2.—ComMPARISON OF AVERAGE MIDWINTER AIR AND WATER TEMPERATURES FOR FULLER 
CrEEK BEFORE AND AFTER RE-INSTALLATION OF FULLER CREEK Dam 


No. of 
obser- 
vations 


Average 
daily 
temp. 


Item Period 


Standard 
deviation 


Standard 
error 


1946 — 1948 18.08 


1949 +1951! 22.93 
1946 — 1948 34.32 


1949+1951 35.14 


10.599 | 1.117 


9.454 | 1.425 
1.729 | 0.182 


2.173 


1946 — 1948 15.44 


1949+1951 25.38 
1946 — 1948 34.65 


1949+1951 37.40 


9.366 


1.848 


2.760 


1946 — 1948 28.58 


1949+1951 28.92 


1946 — 1948 36.51 


Water 


1949+1951 37.74 


11.225 
8.471 


3.409 


2.269 


1 Thermograph not in operation during winter of 1950. 
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a 0.456 | 2.70 | 99.3 
| (0.288 
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during the period under consideration. 
Accurate data are not available for 
Fuller Creek, but stream flow records 
taken at the gaging station maintained 
by the Geological Survey on Hunt 
Creek (G in Fig. 1), approximately 
13 miles downstream from the thermo- 
graph location, provide an accurate 
picture of the variation of flow of the 
main stream of Hunt Creek. Because 
Fuller Creek supplies a major portion 
of the Hunt Creek flow below their 
confluence, it is assumed that any 
great variation in discharges of Fuller 
Creek would be reflected in the flow 
records of the main stream. 

From the discharge records of Hunt 
Creek, averages were computed for each 
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month for both periods under con- 
sideration. According to these records 
there was no change in the Hunt Creek 
discharge in June or July after im- 
poundment. For August, the data 
suggest a slightly higher flow in the 
later period. The flow records and 
results of statistical analysis are given 
in Table 3. 

The discharge records for January, 
February, and March show that the 
average midwinter discharges were 
greater by from 1.5 c.f.s. (February 
comparisons) to 3.3 ¢.f.s. (March com- 
parisons) before impoundment. The 
differences are statistically significant 
(Table 3). 

If it is granted that the data on dis- 


3.—CompParRISON OF MipsUMMER AND MipwINTER DiscHarGE Rates or Hunt Creek 
BrErorE AND AFTER RE-INSTALLATION OF FULLER CREEK Dam 


No. of | Average 8. E. of 
Month Period obser- | discharge| Standard|Standard|  dif- t P 
vations | (c.f.s.) |deviation| error ference 

1946-1948 93 23.6 2.61 0.27 

January 0.368 4.62 | 99.9+ 
1949-1951 93 21.9 2.45 0.25 
1946-1948 85 22.8 2.18 0.24 

February 0.347 4.32 | 99.9+ 
1949-1951 84 21.3 2.17 0.24 
1946-1948 93 26.6 5.16 0.54 

March 0.716 4.61 | 99.9+ 
1949-1951 93 23.3 4.56 0.47 
1946-1948 90 23.6 3.36 0.35 

June 0.610 0.49 | 37.6 
1949-1951 90 23.3 4.71 0.50 
1946-1948 93 22.5 6.08 0.63 

July 1.018 0.79 | 57.0 
1949-1951 91 21.7 7.63 0.80 
1946-1948 93 20.0 2.86 0.30 

August 0.716 1.81 | 93.0— 
1949-1951 93 21.3 6.24 0.65 
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charges of Hunt Creek reflect the con- 
ditions in Fuller Creek, then the Fuller 
Creek discharge during the period of 
investigation may be summarized as 
follows: During June and July the 
flow remained approximately the same 
before and after impoundment; in 
August there was a slightly greater 
discharge after installation of the dam. 
During the three midwinter months 
significantly greater amounts of water 
were discharged before the dam was 
installed. 

The effect on Fuller Creek water 
temperatures of establishment of Fuller 
Creek Pond, along with the variations 
noted in air temperature and postulatea 
discharge variations, might be summar- 
ized as follows: Midsummer water 
temperatures were found to be signifi- 
cantly higher after replacement of the 
dam despite no apparent differences in 
water discharge rate and under varying 
conditions of air temperature. Although 
average daily water temperatures for 
the midwinter months showed a small 
but significant increase after the dam 
was replaced, it does not appear pos- 
sible to assign this increase to changes 
brought about by that reinstallation; 


it can be shown that there were signifi- 
cantly higher average daily temper- 
atures along with significantly lower 
discharge rates following replacement 
of the dam. These latter factors may 
have been responsible for the rise 
in average daily midwinter water tem- 
perature after the dam was put in. 

It is concluded that the re-establish- 
ment of the Fuller Creek dam, with the 
resultant spreading of the water over 
several times the normal stream channel 
area, raised midsummer water tempera- 
tures from 6.5° to 10.1° F. The effect of 
the dam on midwinter average daily 
water temperatures was obscured par- 
tially by significantly higher average 
air temperatures in January and Febru- 
ary of the three-year period, 1949- 
1951, combined with what is inferred 
to have been a significantly lower 
average discharge rate during this 
post-impoundment period. 

The increase in midsummer water 
temperatures on Fuller Creek appar- 
ently did not change the quality of 
angling for brook trout in this stream, 
judging from intensive creel census 
records collected each year by the staff 
of the Hunt Creek Fisheries Experi- 


TasBLeE 4.—CoMPARISON OF ANGLING QUALITY ON FuLLER CREEK BEFORE AND AFTER RE- 
INSTALLATION OF THE FULLER CREEK Dam 


Total Catch 

Total wild per | Stand- 8. E. 
Period number of| Total | brook | Catch | hour | ard | Stand-| of t P 

angler- | hours of| trout | per per | devia-| ard dif- 

days' | angling | taken | hour | angler| tion | error | ference 
1946-1948 | 489(82) | 692.50 | 114 | 0.165 | 0.166 | 0.470 | 0.021 

(16.8%) 

0.031 | 0.55 | 41.76 

1949-1951 | 313(69) | 712.75 | 116 | 0.163 | 0.149 | 0.409 | 0.023 

(22.0%) 


1 Numbers and percentage of successful angler-days are given in parentheses. 
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ment Station. The catch per hour per 
angler for 1946-1948 was 0.166, and 
for 1949-1951 it was 0.149; the dif- 
ference (0.017) is not statistically signi- 
ficant (Table 4). The probable reason 
that the angling quality exhibited little 
change lies in the fact that the stream 
temperature increase after replacement 
of the dam, although of statistically 
significant proportions, was well within 
the limits of physiological tolerance by 


brook trout. If, for example, mid- 
summer water temperatures had aver- 
aged 68-70° F. before the dam was 
constructed, and if the same increases in 
water temperature had resulted from 
the impoundment, the stream very 
likely would have been reduced to the 
status of a marginal trout water or 
would have been lost as trout water 
entirely. 
Accepted for publication October 15, 1953. 


AN ISOLATED POPULATION OF THE 
VIRGINIA VARYING HARE! 


Maurice Brooks 


Division of Forestry, West Virginia University, Morgantown 


The Virginia varying hare (Lepus 
americanus virginianus Harlan) ranges 
from central Maine and southern On- 
tario to the mountains of West Virginia 
and Virginia. According to Anthony 
(1928) this race is “the largest of the 
Varying Hares as well as the brightest 
and richest in coloration (summer)”. 
In pre-historic, and probably historic, 
times its range was doubtless continuous 
from New England and New York south- 
ward along the Appalachian ridges to 
Virginja and what is now West Virginia. 

During the past fifty years, however, 
there are no records of this mammal in 
southern Pennsylvania and western 
Maryland. West Virginia and Virginia 
populations are contiguous, but are 
separated from other known populations 


1 Published with the approval of the Direc- 
tor, West Virginia Agricultural Experiment 
Station, as Scientific Paper No. 476. 


by a gap of at least one hundred miles. 
This fact makes the disjunct south- 
eastern population of particular interest. 
The present paper presents the results 
of twenty-seven years’ observations of 
this mammal. 


METHODS 


The writer began observations on the 
Virginia varying hare in 1926, and has 
continued them to the present. Many 
of the data were furnished to H. H. T. 
Jackson for Charles Elton. Trips were 
made into varying hare habitats each 
year, and at all seasons. Information 
was secured by correspondence and in- 
terviews with county and district officers 
of the West Virginia Conservation Com- 
mission, and by interviews with hunters 
and local residents. Correspondence was 
also carried on with conservation officers 
and game technicians in southern Penn- 
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sylvania, western Maryland, Virginia, 
North Carolina, and Tennessee. 

During the past twelve years pellet 
counts have been made at least once 
each year on five plots, each one-yard 
square, under a fire lookout tower on 
Gaudineer Knob, Pocahontas County, 
West. Virginia. Worth 8S. Randle was 
able to make daily studies of varying 
hares in the Cranberry Glades, West Vir- 
ginia, region over an eighteen-months’ 
period during 1943-44. He has very 
kindly furnished the writer with a copy 
of his notes, with permission to make 
use of them. 


RANGE AND HABITAT OF THE 
SOUTHEASTERN POPULATION 


Although fluctuating markedly in 
numbers, varying hares have been pres- 
ent throughout the period of this study 
in Preston, Tucker, Grant, Pendleton, 
Randolph, Webster, Nicholas, Poca- 
hontas, and Greenbrier, all mountain 
counties in eastern West Virginia. 
Audubon and Bachman (1851) noted a 
specimen taken “In the Alleghany 
Mountains of Virginia, Lat. 40° 29”. 
The whereabouts of this specimen is 
unknown, but recent specimens have 
been secured in Highland County, Vir- 
ginia, as reported by Handley and Pat- 
ton (1947). Highland County adjoins 
Pendleton and Pocahontas Counties, 
West Virginia, and is at present the only 
known Virginia area in which varying 
hares occur. 

From information furnished by hunt- 
ers, Kellogg (1939) suggests that varying 
hares may have occurred in the high 
spruce-balsam forests of eastern Ten- 
nessee and western North Carolina, but 
Arthur Stupka, Ross O. Stevens, and 
Albert J. Marsh (in correspondence) 


are unable to furnish any confirming 
evidence. 

In general, West Virginia and Vir- 
ginia populations of varying hares are 
restricted to areas that are now, or once 
were, forested with red spruce (Picea 
rubens Sarg.). Although virtually all of 
the original spruce forest has been re- 
moved, there are, particularly on the 
well-watered westerly Allegheny ridges, 
large areas of good spruce regeneration. 
Even on the drier easterly ridges there 
are small and scattered spruce stands. 

It is encouraging to note, however, 
that varying hares have been able to 
persist in territory from which spruce 
has been removed, and where it has not 
regenerated. Second-growth forests of 
birch-beech-maple, particularly when 
these have a rhododendron understory, 
harbor fair populations of the hares. 
The heaviest populations thus far found, 
however, have been in young stands of 
spruce in the sapling and pole stage. In 
these there are often intermixed stands 
of rhododendron, blackberry, and south- 
ern high-bush cranberry (Vaccinium 
erythrocarpum [Michx.]). 

On Kennison Mountain, Pocahontas 
County, West Virginia, Randle made 
daily observations over a period of sev- 
eral months. Of this locality he wrote: 


“The habitat setting on Kennison, which 
had a large Lepus population, is predominantly 
red spruce with thickets of rhododendron and 
mountain laurel and understory vegetation 
composed largely of the southern mountain 
cranberry (Vaccinium). The spruce growth is 
new and very dense, with the average height 
of trees under 30 feet. There are some boggy 
sections of sphagnum in this locality, but none 
extensive that I know of. This flora maintains 
for a considerable distance along the ridge at 
an altitude of around 4400 feet.” 


Gaudineer Knob, where observations 
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have been made over a fifteen-year 
period, has similar vegetation. There is 
a very dense young spruce stand over 
the crest of the mountain, with rhodo- 
dendron (R. maximum), mountain lau- 
rel (Kalmia latifolia) and high-bush 
cranberry (Vaccinium erythrocarpum) 
in openings and at margins. This shrub 
understory is disappearing as the spruce 
crown closes. Just below the crest is a 
remnant fringe of mature spruce, and 
below that a heavy northern hardwoods 
forest. There are varying hares through- 
out this area, as shown by sightings and 
winter tracking, but the population is 
much higher in the young spruce at the 
crest. Gaudineer Knob has an elevation 
of 4445 feet. 

All available observations point to the 
conclusion that varying hares have had 
their greatest survival in areas where 
the vegetation of their original range has 
undergone minimum changes; that is, 
where spruce has regenerated, and where 
an understory of broad-leaved erica- 
ceous plants has persisted. Where small 
numbers of the animals have persisted 
in predominantly hardwood stands, 
there are always heavy evergreen heath 
understories. 

The writer has never seen a varying 
hare, or the tracks of one, in West Vir- 
ginia or Virginia below the 3000-foot 
contour line, although old settlers tell 
of a few of these animals that occurred 
many years ago in Cranesville Swamp, 
an extensive spruce-larch-bordered bog 
in Preston County, West Virginia, and 
Garrett County, Maryland. This bog 
has an elevation of 2600 feet, and is 
notable for its northern plant and ani- 
mal life. At present, however, no varying 
hares are known to occur in Preston 
County except on Allegheny Backbone 


above the 3000-foot mark, in the ex- 
treme southern part of the county. 


Foop 


So far as the writer knows, no studies 
of the varying hare’s food habits in 
Virginia have been made. Since the 
animal was for many years on the pro- 
tected list in West Virginia, no extensive 
stomach analyses have been made, al- 
though the stomach contents of a few 
individuals collected for scientific pur- 
poses have been examined. Most of the 
data given below are the results of field 
observations carried on at all seasons. 

The fire tower on Gaudineer Knob 
has proved an unusually satisfactory 
place for making such observations. 
Beneath the tower is a small clearing 
which is a favored feeding spot. Within 
easy observation distance are a series of 
trails and other forest openings, many 
of them lined with a variety of vegeta- 
tion. Many hours, particularly in early 
morning and late evening, have been 
spent in observation there, the presence 
of the observer on the tower platform 
seeming not to disturb hares feeding 
below. 

Of particular significance in the food 
of the varying hare is southern high-bush 
cranberry. It is endemic to the southern 
Appalachians, where it occurs on high 
mountain crests from West Virginia to 
Georgia. A rather sprawling deciduous 
shrub, it grows to heights of six feet, 
and is most common in openings and 
borders of spruce forests. 

Wherever it occurs within the range 
of the varying hare, it is, seemingly, the 
favorite food plant. When hare popula- 
tions are comparatively high, every 
shoot of this plant within reach will be 
cut off. In times of heavy snow, the 
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writer has repeatedly seen hares going 
from plant to plant, standing on their 
hind legs to reach every possible cran- 
berry shoot. In recent years on Gaudi- 
neer Knob I have not found a single 
plant with branches which the hares 
could reach. 

Writing of his observations on Ken- 
nison Mountain, Randle stated: 

“In this habitat the dietary preference of 
Lepus was distinctly the V. erythrocarpum, the 


branches of which had been clipped for many 
seasons down to where the seasonal growth 


began.” 


From all available evidence, it ap- 
pears that V. erythrocarpum is the key 
plant in maintaining sizeable popula- 
tions of varying hares in West Virginia. 
All of the most populous colonies of these 
mammals are in situations where the 
cranberry occurs. 

From his extensive observations, 
Randle listed, in descending order of 
importance, other woody or semi-woody 
plants used as food by the hares: Rho- 
dodendron maximum L., Picea rubens 
Sarg., Tsuga canadensis (L.) Carr., 
Kalmia latifolia L., Rubus allegheniensis 
Porter, Fagus grandifolia Ehrh., Betula 
lenta L., Betula lutea Michx. f., Acer 
saccharum Marsh., Acer pennsylvani- 
cum L. 

Grasses, legumes, and other herbs are 
also utilized as food. The small clearing 
under Gaudineer tower has a fairly 
dense ground covering of poverty grass 
(Danthonia spicata [L.] Beauv.). On 
this grass varying hares feed regularly 
mornings and evenings. As in other por- 
tions of their range, hares are not averse 
to feeding on flesh where it is available. 
The writer once found two hares nibbling 
on the carcass of a dead deer. The late 
Harvey Cromer, for forty-four years a 


resident of Cheat Bridge, West Virginia, 
in the heart of varying hare range, told 
me of watching three of the animals 
feeding on the flesh of a sick or wounded, 
but still living, member of their own 
kind. 

Randle described the method by 
which rhododendron, next to the Vac- 
cinium the animal’s favorite food in the 
area, was eaten: 


“In the cover of their thicket they ate rho- 
dodendron widely, the leaves of which they 
clipped at the junction of petiole and main 
stem, proceeding to eat only the petiole up to 
the leaf and allowing the leaf to remain up- 
right, tip down, in the snow.” 


The period of heaviest feeding, and 
greatest all-round activity, is in early 
morning, with another feeding period 
just at dusk. There is very little diurnal 
activity, even on dark days. 


PELAGE CHANGES 


Despite the fact that winter snow 
coverage is by no means continuous in 
the varying hare’s range, all individuals, 
so far as observation shows, assume 
white pelage during winter. There is 
considerable variation among individ- 
uals in the time of pelage change, but 
by late December all hares seen are 
white. During November some indi- 
viduals are almost white, others still in 
summer pelage, while the majority are 
in transition stages. This condition is 
repeated in reverse in April. 

There is also great individual varia- 
tion in the intensity of a summer pelage 
coloration. Certain hares are much more 
richly colored, and much glossier in ap- 
pearance, than others. This condition 
does not seem to be correlated with size, 
since smaller individuals may show 
brightly-colored pelage. 
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POPULATION FLUCTUATIONS 

During the earlier years of this study 
when the writer was collecting data for 
Dr. Jackson, he had no knowledge of 
the status of Virginia varying hare popu- 
lations in other portions of its range. It 
soon became evident, however, that 
numbers of the animals in West Vir- 
ginia were fluctuating widely, and when 
data from this state were compared with 
those from New England, New York, 
and southern Canada, it was found that 
population trends throughout the area 
were in substantial agreement. This 
close correlation of trends has continued 
throughout the twenty-seven years of 
the present study. 

At the beginning of the study in 1926, 
the hare population was very low. The 
writer noted a few tracks, but saw no 
living individuals. He did see two that 
a hunter had killed on Cheat Mountain, 
Randolph County, West Virginia. By 
1932-33, however, the population had 
built up markedly, so that six or eight 
individuals might be seen mornings and 
evenings in driving two miles along a 
Cheat Mountain highway. Conserva- 
tion officers, hunters, and local residents 
all reported the animals in fair numbers. 

By 1936-37 populations were again 
at low ebb, so low that the West Vir- 
ginia Conservation Commission under- 
took a restocking program (to be dis- 
cussed later). During 1941 and 1942 
populations in the Cheat Mountains 
region were as high as the writer has 
ever observed them, a condition that 
was corroborated by field observers 
throughout the hare’s range in West 
Virginia. 

Observations during the war years 
were necessarily somewhat curtailed, 
although some were made, and informa- 


tion was collected from conservation 
officers and local residents. Numbers of 
the animals were certainly at low ebb 
in 1945 and 1946. Since those years 
populations have again been building up. 

During the past twelve years, 1942- 
53, pellet counts on five plots, each one- 
yard square, have been made in the 
grassy opening under Gaudineer fire 
tower (Table 1). These counts have 
been made in summer or early fall. 
Results have no doubt been somewhat 
affected by differences in times they 
were made, and by changes in vegeta- 
tion which occurred during the period. 
Another possible source of error lies in 
the fact that New England cottontails 
(Sylvilagus transitionalis [Bangs]) also 
occur and feed in the same area. For 
this reason, all smaller pellets were dis- 
carded, only the larger ones character- 
istic of the varying hare being counted. 

From field observations and _ pellet 
counts, it will be seen that varying hares 
in West Virginia reached comparatively 
high populations during the early years 
of the past three decades, and underwent 
sharp declines in the middle years of the 
decades. Between high points in the 
population curve there have been in- 
tervals of nine to eleven years. 

Related to these data are two facts of 
special significance. The first is that 
West Virginia (and Virginia) hares rep- 
resent an isolated population, with a 
hiatus of at least one hundred miles 
northward before there is again a hare 
population. It is difficult to see how any 
pandemic could make itself felt in this 
disjunct southeastern population. 

The second significant fact is that 
West Virginia hares never, even at their 
highest points, reach anything like a 
saturation, as that condition is known 
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TaBLB 1.—Varyinc Hare Counts on SQUARE-YARD PLoTs UNDER GAUDINEER FIRE 
Tower, Pocanontas County, West Virainia, 1942-53 


Numbers of Pellets 
Year Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Totals by Year 
SRR ccsaxs 27 116 8 66 223 440 
ae 42 45 30 11 56 184 
er 17 32 0 21 101 171 
| 9 17 5 0 39 70 
er 10 0 0 13 9 32 
rr 14 7 8 0 24 53 
ee 5 ll 17 0 7 40 
er 28 13 0 27 16 84 
| 61 10 22 35 116 244 
a 54 123 100 86 207 570 
ee 134 61 118 0 242 555 
en 101 109 87 54 193 544 


northward. Data at hand do not permit 
of any estimates or even intelligent 
guesses as to what the hare population 
per square mile may be, but the animals 
are certainly not found in numbers com- 
parable to those reached farther north. 
At times of “high” populations the only 
plant that gives evidence of maximum 
use is the Vaccinium; other favorite 
foods are present in abundance, and 
show no excessive use by the hares. 

This then is the situation: without 
any known contacts with other hare 
populations, and without ever reaching 
numbers that would suggest saturation, 
the southeastern varying hares have 
shown fluctuations which correspond 
closely in time with those in other east- 
ern portions of the animal’s range. 

No systematic work on the pathology 
of varying hares has been done in West 
Virginia. Harvey Cromer informed the 
writer that in 1935 it was not unusual 
to find ‘‘sick snowshoe rabbits’’ near his 
home at Cheat Bridge. He told of chil- 
dren in his family finding three such 
animals, and carrying them home by 


their ears. All died within a short time, 
although he stated that he couldn’t see 
anything wrong with them. 


MANAGEMENT 


Until the “low” population period of 
the middle 1930’s, varying hares were 
legal game in West Virginia, although 
there is little evidence that many were 
ever killed as game. A few were shot for 
food around hunting camps, and occa- 
sional hunters would bring them home 
as curiosities. Most sportsmen going into 
hare territory were after wild turkey, 
deer, or bear, and so did not bother 
with small game. 

Taking alarm at the animal’s reduced 
numbers, the West Virginia Conserva- 
tion Commission carried on a restocking 
program in 1938 and 1939. In each of 
those years, one hundred varying hares 
were purchased in Maine, and were re- 
leased in Randolph, Pendleton, and 
Pocahontas Counties. The animals se- 
cured were, presumably, of the same 
race as the native population. By 1941, 
Conservation Officers Wayne Stalnaker 
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and Lewis Gay, both with long experi- 
ence in the area, reported that the ani- 
mals were increasing rapidly, and esti- 
mated that they had spread four or five 
miles from the points of their release in 
1938-39. 

As a further protection to the hares, 
the Conservation Commission, in 1938, 
removed the animal from the game list, 
giving it full legal protection. Since the 
restocking and the protection were both 
undertaken at a time when the animals 
were building up to the high populations 
of 1941 and 1942, it is impossible to 
judge the effects of these two manage- 
ment measures. It is certainly true, how- 
ever, that populations built up to some 
extent in areas that received no re- 
stocking. 

In view of the fact that the varying 
hare population had built up to one of 
its periodic “highs” in 1952, the Con- 
servation Commission removed the ani- 
mal from its protected list. No record 
of kills in 1952 was made, but Com- 
mission biologists believe that few of the 
animals fell to hunters. Few sportsmen 
go into the Spruce Belt to hunt rabbits. 

It may be surmised that a mammal 
in white pelage is particularly vulnerable 
to predation during winter periods when 
no snow covers the ground. Since the 
varying hare’s range in West Virginia 
is free of snow for at least a portion of 
most winters, this may serve as an 
effective limiting factor on increase and 
spread. It may also explain the hare’s 
better survival in areas of dense spruce 
and rhododendron, since such vegeta- 
tion certainly offers better protection 
than more open deciduous growth. 

There is no apparent reason why vary- 
ing hares might not have limited success 
if established in the high Blue Ridge of 


southwestern Virginia, and in the ele- 
vated spruce-fir zone of western North 
Carolina and eastern Tennessee. All of 
the food plants favored in West Virginia 
including Vaccinium erythrocarpum, are 
abundant, and cover conditions are 
similar. Snow-free periods, even more 
numerous southward, might be expected 
to work to the disadvantage of a white- 
pelaged mammal, however. So far as is 
known, no hare stocking in these areas 
has ever been attempted. 

The creation of openings in the spruce 
forest, whether by cutting, blow-down, 
or even fire, may favor the survival of 
varying hares in West Virginia and Vir- 
ginia, provided always that spruce re- 
generation, accompanied by the growth 
of Vaccinium, rhododendron, and moun- 
tain laurel, follows. Since much of the 
hare’s range in West Virginia lies within 
the Monongahela National Forest, it 
may be expected that conservative tim- 
ber removal will work toward the 
preservation of the species as an inter- 
esting part of the state’s fauna. 


SUMMARY 


1. This paper records results of twen- 
ty-seven years’ observations on the Vir- 
ginia varying hare (Lepus americanus 
virginianus Harlan) in West Virginia. 

2. Attention is called to the fact that 
this population (along with a population 
in contiguous areas in Virginia) is iso- 
lated, being separated by at least one 
hundred miles from other populations 
of this species. 

3. The varying hare is largely re- 
stricted in West Virginia to areas which 
are now, or once were, covered by red 
spruce forest. 

4. Emphasis is placed on the impor- 
tance of mountain high bush cranberry 
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(Vaccinium erythrocarpum [Michx.]) as 
a food plant for the mammal. Other 
favorite plant foods are listed. 

5. Periodic fluctuations in popula- 
tions are noted, these reaching “highs” 
in the early years of each decade, and 
“lows” in the middle years of each 
decade, with intervals of nine-eleven 
years between each “high”’. 

6. These fluctuations in West Virginia 
parallel closely those in other north- 
eastern portions of the mammal’s range, 
despite the fact that the West Virginia 
population is isolated, and that it never 
builds up to anything resembling a 
“saturation” point. 

7. Notes are given on attempts to 
manage the mammal by closed seasons 
and restocking. 

8. It is suggested that winter periods 


when the range is free of snow may work 
to the disadvantage of a mammal in 
white pelage, and may thus be an im- 
portant factor in limiting the increase 
and spread of varying hares in the 
southeastern mountains. 
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RESTOCKING WITH “NATIVE” COTTONTAILS,’ 


Robert D. McDowell 
Dept. of Biology, Virginia Polytechnic Inst., Blacksburg, Va. 


INTRODUCTION 


The Pennsylvania Game Commission, 
by granting Pennsylvania hunters the 
shortest open season in the country on 
cottontail rabbits, (Sylvilagus spp.), and 
by the extensiveness and intensiveness 
of its established rabbit management 


' Authorized for publication on September 3, 
1953, as paper no. 1818 in the journal series 
of the Pennsylvania Agricultural Experiment 
Station. The data in this paper are taken from 
a thesis submitted by the author in partial 
fulfillment of the requirements for the degree 
of Master of Science in Zoology, The Pennsyl- 
vania State University. 


practice of restocking, acknowledges 
hunting pressure as an important limit- 
ing factor of rabbit populations in the 
Keystone State. 

Early experiments with artificial pro- 
pagation of cottontails convinced the 
Commission that this practice was 
economically impractical. 

Between 1915 and 1951, the Com- 
mission imported 1,427,317 cottontails 
(annual average—42,000) principally 
from Missouri and Kansas. These ani- 
mals were released during winter, fol- 
lowing the hunting season and preceding 
the breeding season, in an attempt to 
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increase Pennsylvania’s population of 
breeding cottontails, thus to increase 
the number of rabbits bagged during 
subsequent hunting seasons. These im- 
portations were prohibited during the 
World War II years of 1943-1945, but, 
after transportation facilities were once 
more available, they were promptly 
renewed until 1951. Sportsmen’s clubs 
and interested individuals continue to 
purchase and release thousands of 
rabbits each year. Neither Gerstell 
(1937) nor Beule (1946) show any 
correlation between numbers of rabbits 
stocked and numbers of animals killed 
by hunters. Langenbach and Beule 
(1942) fcund that 21.6 per cent of these 
western rabbits, released on a study 
area, were known to have perished 
between time of release and beginning 
of the breeding season. 

In 1951 the Pennsylvania Game 
Commission abandoned the practice of 
importing out-of-state cottontails. Be- 
lieving native Pennsylvania rabbits to 
be superior to alien imports weakened 
by long confinement, the Commission 
accelerated its live-trap-and-transfer 
program that had been inaugurated on a 
state-wide basis in 1937. 

From 1920 until the present, native 
rabbits have been trapped from towns, 
watersheds and State Game Propaga- 
tion Areas. In 1951 the Commission’s 
intensive Rabbit Farm Program was 
launched. From these various sources, 
closed to all rabbit hunting, cotton- 
tails have been trapped for release 
in open hunting territory during the 
winter. More than 510,759 rabbits have 
been thus trapped and _ transferred. 
Langenbach and Beule (op. cit.) found 
that 5.2 per cent of these native rabbits 
were known to have perished on a 


study area between time of release and 
beginning of the breeding season. Their 
study area was located on a submarginal 
tract closed to hunting. 

The superiority of the native rabbit 
over the alien import, based mainly on 
physical vigor, has been proven. How- 
ever, the value of transferring the former 
is not above question. Is any cotton- 
tail, once removed from its home range, 
a “native” rabbit? Even though taken 
from Pennsylvania coverts and trans- 
ferred quickly within a county or town- 
ship, even though in good physical con- 
dition due to short confinement, can 
these released animals immediately 
adapt themselves to unfamiliar range, 
with its new distribution and juxta- 
position of food and cover, its resident 
rabbit population and its resident pre- 
dator population, or, is there a period of 
acclimatization? If there be such a 
period, how long does it persist and how 
many animals survive it? 

Between July 1, 1951 and March 29, 
1952 the writer conducted a field study 
on a typical release site—139.3 acres of 
intensively-farmed land, open to public 
hunting and on which no special pre- 
dator control measures were practiced. 


RESIDENT RaBBit POPULATION 


Because the study area was repre- 
sentative of a farm unit of similar size 
in the Nittany Valley of Centre County, 
Pennsylvania; because the writer in- 
tended to make this study as intensive 
as possible by restricting the field in- 
vestigations within the boundaries of 
the study area; and because cover con- 
ditions (fencerows) necessitated placing 
the majority of the box traps along the 
periphery of the study area: the focus 
of this study was upon the rabbit 
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carrying capacity of the study area 
rather than upon the number of rabbits 
actually residing within its boundaries. 

It should be emphasized that the 
term “population”, as used herein, 
embraces those rabbits any portions of 
whose home ranges were included within 
the study area rather than those whose 
home ranges were confined within it. 

From September 11, 1951 to October 
31, 1951, the day immediately preceding 
the opening of the small game season 
in Pennsylvania, 122 individual rabbits 
were captured in 3420  trap-nights, 
ear-tagged and released. In using the 
Lincoln Index to estimate the native 
population, the total trap-night period 
was divided into three consecutive 
periods of approximately 1100 trap- 
nights each. Catch data indicated that 
134 rabbits used the study area from 
September 11 to September 30, 1951 
and 191 from October 1 to October 15, 
1951. 

The writer believes that these esti- 
mates were high. One reason for this 
belief is that there appears to be a 
definite “fall shuffle” of cottontails in 
intensively-farmed areas. This was indi- 
cated by the fact that captures of new 
individuals were ever-increasing during 
the seven weeks immediately prior 
to the hunting season. In the case 
of a stable population, new catches 
should decrease. Increase in new cap- 
tures was concurrent with the cutting of 
corn fields in which rabbits evidently 
found ample food and cover during 
summer and early fall. 

It is further believed that the Lin- 
coln Index is not too reliable for the 
month of October, for at this time pre- 
dation is evidently at one of its peaks 
with no new births among cottontails 


to compensate for animals lost. Food 
habits studies conducted in Pennsyl- 
vania, particularly those of mammalian 
predators, indicate there may be such an 
increase in predation upon rabbits 
(Latham, 1950). Rabbits forced to seek 
new coverts following destruction of 
much of their former range by corn 
harvesting may be particularly vulner- 
able. Yet, at this time, there is still 
enough herbaceous cover to make it 
extremely difficult to tally accurately 
the exact amount of such losses. In this 
study, although finds of predator kills 
increased during October, the writer 
knows that many losses were not noted. 
Only three native rabbits were known 
to have perished during the pre-season 
trapping period. One was killed by an 
unknown mammal; two died in traps. 
Three other rabbits which were killed 
during this period may have been 
either native or fall-stocked animals. 


The hunters’ take was also utilized 
to calculate the rabbit population during 
October. The Lincoln Index indicated . 
that 135 animals were on the study area 
prior to the hunting season. Hunters 
killed 16 native rabbits, 14 of which were 
tagged. It is believed that this tally 
represented at least 90 per cent of the 
actual take of cottontails. 


The study area was trapped for 
4430 trap-nights from January 6, 1952 
to March 29, 1952. Twenty-one native 
rabbits previously captured were re- 
taken and 18 new animals were cap- 
tured. 


Ten dead native rabbits were lo- 
cated on the study area during the 
winter trapping season. Three were 
killed by red foxes, one by a dog, and 
another by an avian predator. Three 


64  JouRNAL oF WILDLIFE MANAGEMENT, VoL. 19, No. 1, JANUARY 1955 


were killed by cars and two died in 
traps. 


STockING 


During the period October 5-14, 
1951, 28 rabbits were trapped from a 
nearby area and released on the study 
area. These animals were ear-tagged 
and further marked by dyeing their 
tails and rumps with a saturated solu- 
tion of picric acid in 95 per cent ethyl 
alcohol. 

Eighteen of these rabbits were trapped 
on the study area prior to November 1, 
1951, the opening day of the rabbit 
season. Four, including three of the 18 
recaptures, perished prior to Novem- 
ber 1, 1951. One was killed by a dog, 
one by a marsh hawk, one by a car 
and another died from some unknown 
cause. Remnants of three other rabbits, 
which may have been either stocked or 
native animals, were also discovered. 
Seven of the remaining stocked rabbits 
were shot by hunters during the open 
season. Only five individuals were re- 
captured during the winter trapping 
period. Three of these perished before 
trapping was ended. No fall-stocked 
animals were taken during the last 
560-trap-nights of the 4430 trap-night 
period. 


WINTER STOCKING 


Twenty-eight rabbits, from nearby 
sites in the Nittany Valley, were re- 
leased on the study area in the period 
February 10-19, 1952. These animals 
were ear-tagged and further marked 
by dyeing their tails and rumps with a 
solution of Rhodamine B in 95 per cent 
ethyl alcohol. 

Seventeen of these animals were 
captured on the study area in the 


period February 12-22, 1952. Three 
died during this period. It is not known 
whether these three were among the 17 
captured. Five of the 17 were recaptured 
from February 23, 1952 to March 8, 
1952. Seven more winter-stocked ani- 
mals perished during this second period. 
Five of these were known to have been 
among the 17 original captures. No 
winter-stocked cottontails were taken 
during the last 560 trap-nights of the 
winter trapping period, but one more 
animal was found dead. Dogs accounted 
for two of the lost animals, one each 
was killed by a cat, great horned owl, 
weasel and an unknown mammal. Three 
were found dead in traps in an emaciated 
condition. Two others were found dead 
of unknown cause. 


SUMMARY AND CONCLUSION 


One hundred and twenty-two rabbits 
were trapped during 3420 trap-nights 
prior to the hunting season on a 139.3- 
acre study area in Centre County, 
Pennsylvania. Fourteen of the 16 resi- 
dent rabbits killed during the hunting 
season were previously captured indi- 
viduals. A post-season trapping period 
of 4430 trap-nights yielded 39 cotton- 
tails, 18 of which were animals captured 
during the pre-season trapping period. 
Seven captures were made during the 
last 560 trap-nights. 

Twenty-eight rabbits were released 
on the study area during the pre-season 
trapping period. Eighteen of these 
were captured during the remainder 
of this period and four perished. Seven 
were shot during the hunting season. 
Five fall-stocked cottontails were taken 
during the post-season trapping period. 
During this period, three of these five 
perished. No fall-released animals were 
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taken during the last 560 trap-nights. 

Twenty-eight cottontails were re- 
leased on the study area during the 
post-season trapping period. Seventeen 
of these animals were captured within 
850 trap-nights of the final release. 
Three died during this period. In the 
following 985 trap-nights, no new indi- 
viduals were taken but five of these 17 
were recaptured. During the second 
period, seven more winter-stocked rab- 
bits died. No winter-released animals 
were taken during the last 560 trap- 
nights. 

The releasing of 28 rabbits in October 
and 28 rabbits in February contributed 
little, if any, to the indigenous breeding 
population of the 139.3-acre study area. 
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CHANGES IN NUTRITIVE VALUE OF BROWSE PLANTS 
FOLLOWING FOREST FIRES 


James B. DeWitt and James V. Derby, Jr. 
U. S. Fish and Wildlife Service, Laurel, Md. 


Although forest fires frequently are 
extremely harmful to wildlife, several 
investigators have pointed out that 
they may have some beneficial results. 
Stoddard (1931) compared fires to a 
two-edged sword and recommended 
(1935) the controlled use of fire in 
certain types of quail and turkey 
ranges. Shantz (1947) stated that one 
of the most important effects of burning 
vegetation is indirect and is caused by 
changes in micro-climate and conditions 
of habitat. 

One observed phenomenon is that 
deer populations tend to increase follow- 
ing extensive forest fires. Various ex- 


planations have been given, but most 
workers agree that such increase may 
be attributed to betterment of the 
nutritional quality of the range. Storer 
(1932) indicated that removal of dense 
brush cover permitted growth of herba- 
ceous vegetation and grasses, resulting 
in an increased food supply. Horne 
(1938) stated that deer were attracted 
to burned areas by new-sprouting shrubs 
and increased annual vegetation. Other 
workers have stated that the nutritional 
betterment of range is caused not only 
by changes in types and varieties of 
vegetation, but also by differences in 
composition of plants growing in burned- 
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over areas. Reynolds and Sampson 
(1943) showed that new growth con- 
tained more water, minerals and crude 
protein than older, uncropped shrubs. 
Einarsen (1946) found that browse 
plants in burned areas were richer in 
protein and enabled deer to survive 
better during winter months. Greene 
(1935) showed that grasses from burned 
areas contained more protein, calcium 
and phosphorus than samples from 
unburned areas. 

Many of these earlier studies were 
made in areas which had been subjected 
to widespread, high-intensity fires, and 
little information was available on the 
effects of low-intensity blazes. Studies on 
possible effects of such fires were begun 
at the Patuxent Research Refuge in the 
spring of 1947, when a nearby forest 
plot * was subjected to controlled burn- 


_ ing. Leaves and twigs from four species 


commonly used as browse by deer were 
collected at intervals throughout 1947 
and 1948. Two years later the entire 
area was in the path of an uncontrolled, 
high-intensity fire, and additional sam- 
ples were collected during 1950 and 
1952. The objectives of these studies 
were to determine average composition, 
in terms of nutritive value, of samples 
from experimental and control (un- 
burned) plots, to determine composition 
at different times during the growing 
seasons, and to determine effect of fire 
upon food values. In connection with 
these studies, observations were made 
on effects of variations in soil moisture 
on composition of the plants. 

The original study area was a 16-acre 
plot, divided into quadrats. During 

* The experimental area was made available 
through the cooperation of the Forest Service, 
U. 8S. Department of Agriculture. 


early spring of 1947, alternate quadrats 
were subjected to controlled, low-inten- 
sity burning. In 1942, the entire plot 
had been swept by a very hot fire which 
had destroyed all growth above ground. 
Hence aerial parts of all plants of the 
woody species were no more than five 
years old at the start of the study. 
Although it appeared probable that 
most effects of this earlier fire had been 
dissipated in the intervening years, it is 
possible that residual effects might 
have partially masked differences aris- 
ing from the 1947 burning. During 1950 
and 1952, samples were collected from 
this area and from a similar area which 
escaped the 1950 fire but which had 
been burned in 1942. 

The four species selected for study 
were red maple (Acer rubrum), white 
oak (Quercus alba), flowering dogwood 
(Cornus florida), and roundleaf green- 
brier (Smilax rotundifolia). 

Collection of samples was begun in 
late May or early June of each year. 
One set of samples for each species was 
taken each month thereafter until late 
October or’ early November. The 
monthly collection for each species 
consisted of not less than 6 samples, 
with equal numbers being taken from 
experimental and control (unburned) 
plots. The 1947 fire was spotty but all 
samples were taken in places that were 
burned quite thoroughly. 

Since approximately 50 grams dry 
weight of material was required in each 
sample, it was considered inadvisable 
to take the entire sample from one 
plant. Repeated collection of so large a 
sample from a single plant might have 
resulted in a major change in plant 
physiology and led to misleading results 
in the later part of the study. For this 
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reason, each sample was taken from a 
number of different plants. For the three 
woody species, each sample consisted of 
leaves and new twigs from 6 marked 
plants, the same plants being sampled 
throughout the study. In order to secure 
representative material, each plant sam- 
pled was divided into 4 horizontal 
sections and 2 or more vertical sections, 
depending on the height of the plant. 
The limit of sampling was about 7 feet 
above ground level, and the collection 
was taken in approximately equal 
portions from each of the 8 or 12 
divisions. It was not practicable to 
determine individual plants of round- 
leaf greenbrier, so each sample of this 
species was collected from an area 


within 2 feet of a line stretched between 
2 permanent marker stakes, material 
being gathered along the entire length 
of the line for each sample. For each 
sample collected from the burned area, 
a similar sample was taken from compar- 
able plants growing in the unburned 
control plots. In order to avoid effects 
of soil variation, the two groups of each 
sample pair were located as close to- 
gether as possible, but far enough from 
the boundary so that none of the plants 
could have roots feeding in both burned 
and unburned areas. 

Material collected for analysis con- 
sisted of leaves and the current year’s 
twig growth. 3 

The samples were transported to the 


Taste 1.—AveraGe Composition oF SAMPLES FROM Four Species or Browse PLANTS ON 
UNBURNED (U) Burnep (B) 


N-Free 


Crude Fiber Extract 


41.42 39.47 
44.81 43.71 
47.71 44.89 


14.97 14.45 67.25 66.13 
13.07 13.11 67.21 67.52 
15.16 13.54 63.28 63.60 
15.56 14.08 64.80 64.29 
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41.25 44.80 
36.46 35.59 
38.94 38.39 
46.59 46.90 


14.69 13.80 65.63 65.37 
22.53 22.32 
15.15 15.12 
12.64 12.80 
13.83 12.55 
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42.30 43.40 
41.88 38.96 
42.74 43.17 
54.08 48.15 
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52.60 50.15 
24.03 25.26 
35.31 36.37 
47.35 48.08 
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Av. 39.82 39.97 
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Total Dry Crude Ether | 
Matter Protein Ash Extract 
No. | | 
Red Maple 1947 12 47.35 44.65 7.71 8.90 
1948 15 7.93 8.16 
1950 24 9.80 10.95 
1952 16 9.47 11.62 
67 Avi 8.73 9.91 
Flowering 1947 12 8.50 9.21 
Dogwood 1948 15 8.61 8.55 
1950 24 9.03 10.62 
1952 16 9.89 12.52 
67 Avi 9.01 10.23 
White Oak 1947 12 11.32 11.32 
1948 15 11.61 11.54 
1950 24 13.00 13.39 
1952 16 10.13 11.23 
67 Av. 45.25 43.42 || 11.52 11.87 
Roundleaf 1947 12 9.52 10.26 : 
Greenbrier 1948 15 10.79 11.02 
1950 24 11.36 12.04 
1952 16 9.33 11.10 
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TaBLe 2.—Errect or Sort ConpITIONs (DRY OR MOIST) UPON CoMPOSITION OF BrowsE PLANTS 
FROM UNBURNED (U) AND Burnep (B) Pots 


Habitat % % 


46.10 43.25 
44.55 43.11 


41.90 41.56 
39.72 41.28 


45.08 44.06 
45.42 42.78 


39.94 41.07 
39.70 38.86 


a 


laboratory immediately after collection 
and their green weight was determined. 
Samples were than placed in an air 
oven at 65° C. until dry, ground to 
pass through a 10-mesh screen, and 
analyzed according to methods of the 
Association of Official Agricultural 
Chemists (1945). Results were expressed 
in percentages of total dry matter. 


RESULTS AND DISCUSSION 


Summaries of analytical results show- 
ing average compositions of samples 
from burned and unburned plots are 
presented in Tables 1-3. The data 
include averages for each species each 
year, 4-year averages, compositions at 
different stages during the growing 
season, and differences in composition of 
samples from well-drained and moist 
areas. 

Composition of samples from control 
plots varied from year to year, and 
evaluation of possible effects of fires 
can be made only through comparison 
of results on paired samples each year 
and on the basis of the 4-year average. 
Differences in annual averages for 


control samples may reflect differences 
in seasonal rainfall and average tem- 
peratures, but exact correlations cannot 
be made. Percentages of total solids 
appeared to vary according to climate, 
but variations in proportions of crude 
protein, ash, ether extract (fat), crude 
fiber and nitrogen-free extract (carbo- 
hydrate) could not be related to the 
percentage of total solids or to climatic 
conditions. The lowest values for total 
solids were found in 1948, when total 
precipitation for the sampling period was 
24.8 inches and the average temperature 
was 67.4°. Somewhat higher values were 
found in 1950, when there was less rain- 
fall (22.7 inches) and lower average 
temperature (65.7°), and still higher 
values were found in 1952 when total 
rainfall (22.0 inches) was approximately 
equal to that of 1950, but average 
temperature was higher (68.4°). Total 
solids were high in 1947, when there were 
only 20.4 inches of rainfall and the 
average temperature was 67.5°. 
Neither the low-intensity fire of 1947 
nor the high-intensity blaze three years 
later produced significant changes in 


tes Total Dry Crude Ether N-Free 
ize Matter Protein Ash Extract Crude Fiber Extract 
U B U B U B U B 
> Red Maple Dry po 8.19 9.88 5.59 5.30 5.33 5.55 14.61 13.87 66.28 65.40 
E Moist! 9.25 9.93 5.60 5.61 5.55 5.36 14.77 13.71 64.83 65.39 
ae Flowering Dry P| 9.05 10.49 8.24 8.49 4.52 4.44 16.02 15.61 62.17 60.97 
Dogwood Moist 8.96 9.95 8.37 8.06 4.54 4.14 16.06 15.79 62.07 62.06 
a4 White Oak Dry P| 11.65 11.70 5.51 5.29 3.78 4.00 22.05 21.94 | ps 57.07 
: Moist 11.39 12.04 5.24 5.66 3.98 4.06 22.01 21.53 38 56.71 
ae Roundleaf Dry P| 9.90 10.94 4.98 4.75 4.31 4.21 20.68 20.79 60.13 59.31 
¥ Greenbrier Moist 10.60 11.27 5.14 4.88 4.27 4.15 20.68 20.56 59.31 59.14 
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TaBLeE 3.—AvVERAGE CoMPOSITION OF Browse PLANTS AT DIFFERENT STAGES OF GROWTH 
(4-YEAR AVERAGE) ON UNBURNED (U) anp Burnep (B) Piots 


Total Dry 
Matter 


Crude 
Protein 


Ether 


Ash Extract Crude Fiber 


Collection 


Species Period 


jae 


Red Maple 5/15-6/15 
6/16-7/15 
7/16-8/15 
8/16-9/15 
9/16-10/15 


gress 
S2R8 


5/15-6/15 
6/16-7/15 
7/16-8/15 
8/16-9/15 
9/16-10/15 
10/16-11/1 


5/15-6/15 
6/16-7/15 
7/16-8/15 
8/16-9/15 
9/16-10/15 


Roundleaf 
Greenbrier 


5/15-6/15 
6/16-7/15 
7/16-8/15 
8/16-9/15 
9/16-10/15 
10/16-11/1 


U 
% 
38.48 
39.83 
42.92 
45.36 
65.57 
29.57 
32.46 
40.00 
44.74 
39.79 
58.89 
36.41 
39.98 
45.15 
48.86 
58.41 
30.94 
36.59 
36.29 
40.18 
42.82 
84.30 
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27.90 27.95 


percentages of total solids, ash, ether 
extract, crude fiber or nitrogen-free 
extract. However, in 1947 protein con- 
tents of samples from the burned area 
were higher than those of corresponding 
samples collected from the control 
plot. Statistical analysis of the data 
shows that differences in protein con- 
tent of samples from burned and un- 
burned plots were highly significant 
in the case of red maple (15.4%, P = 
0.01) and were significant in flowering 
dogwood (8.4%, P = 0.05) and round- 
leaf greenbrier (7.8%, P = 0.05). Pro- 
tein content in regrowth of white oak 
apparently was unaffected by the low- 
intensity fire. 

Effects of the high-intensity fire in 
1950 were more pronounced and were 


still apparent two years later. Again, 
white oak was affected to a lesser 
degree than the other species and 
samples from the burned area con- 
tained only 3 per cent more protein than 
those from the control plot. This dif- 
ference was not significant. Significant 
differences were found in roundleaf 
greenbrier (6.0%), red maple (11.7%) 
and flowering dogwood (17.6%). Greater 
differences in protein contents of samples 
from the two areas were found in 1952, 
two years after the fire. Samples of oak 
from the burned area contained 10.9 
per cent more protein than correspond- 
ing samples from control areas. Per- 
centage increases in protein for the 
other species were: roundleaf green- 
brier, 19.0; red maple, 22.7; and flower- 


— 
xtract 
PF B U B U B 
0 
9 
7 
6 
7 Flowering 33.77 fl. 
1 Dogwood 29.83 9. 
39.74 || 9. 
1 44.00 |} 8. 
4 40.69 
63.35 || 8. 
White Oak 29.26 || 14.71 16.26 
8 39.23 || 12.37 12.92 
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ing dogwood, 26.6. Since caloric values 

of samples from burned and control 
plots were approximately equal, ani- 
mals feeding exclusively on the four 
browse species in the burned areas 
would ingest from 10 to 26 per cent more 
protein per calory unit than would 
animals feeding only in control plots. 

There were relatively slight differences 
in composition of samples collected in 
moist habitats and those from drier, 
better-drained areas. For the most 
part, samples from dry areas contained 
slightly higher percentages of total 
solids, but the differences were not 
significant and several samples from 
moist areas gave higher values. The 
effects of high-intensity burning, as 
measured by increases in protein con- 
tent, were more evident in samples 
from dry areas. In 1950 collections from 
moist areas, there were no significant 
differences in protein content of samples 
from burned and unburned areas of all 
4 species, while samples from burned, 
dry areas contained from 10 to 33 per 
cent more protein than samples from 
unburned dry areas. 

As shown in Table 3, nutritive effects 
of burning were more pronounced during 
the early part of the growing season. 
During the first month of the collection 
periods, samples from burned plots 
contained from 10.5 to 20.9 per cent 
more protein than comparable samples 
from control areas. Differences in pro- 
tein content decreased as the seasons 
advanced and were not significant 
during later months of collecting periods. 


SUMMARY 


Studies were conducted to determine 
chemical composition and nutritive 
value of four species of plants commonly 


used as browse by deer and to determine 
effects of low- and high-intensity fires 
upon chemical composition. Total solids, 
ash, ether extract, crude fiber and 
nitrogen-free extract contents of red 
maple, flowering dogwood, white oak 
and roundleaf greenbrier were not 
affected by either type of fire. Protein 
contents of roundleaf greenbrier, red 
maple and flowering dogwood foliage 
were significantly higher in the season 
following the low-intensity fire, but no 
effects could be determined in the second 
year. The high-intensity fire produced 
significant increases in protein contents 
of all four species, and effects were still 
apparent at the end of two years. 
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A COMPARISON OF RECOVERIES FROM — 
REWARD AND STANDARD BANDS 


Frank C. Bellrose 
Illinois Natural History Survey, Havana, III. 


The importance of determining the 
proportion of the waterfowl population 
taken by hunters each year is widely 
recognized. Yet, population and kill 
figures for the entire continent have 
been so crude that they have provided 
only a rough index of the harvest. Kill 
figures collected from hunter reports, 
for example, have been found to be 
greatly exaggerated (Bellrose, 1947). 
Hunter kill figures from such sources are 
largely of value in indicating year-to- 
year trends in the take. 

At present, waterfowl banding records 
appear to offer a more valid approach 
to hunting losses than do comparisons 
of population and kill figures. The 
principal weakness of banding as a 
technique for evaluating kill is the 
failure of many hunters to _ report 
bands. An attempt was made to appraise 
this shortcoming by sending card ques- 
tionnaires to Illinois duck hunters in 
1944 (Bellrose, 1945). However, data 
are now at hand which appear to pro- 
vide for a more accurate determination 
of the proportion of bands which are 
unreported by hunters. 

As a means of obtaining information 
on this problem the U. S. Fish and 


1 Appreciation is due Mr. Seth H. Low of 
the U. S. Fish and Wildlife Service for pro- 
viding certain IBM tabulations, the federal 
reward bands, and permitting the use of 
two-dollar reward bands; and to Olin In- 
dustries, Inc., for funds to pay the two-dollar 
reward. 


Wildlife Service in 1948 issued a 
special series of reward bands to certain 
banding cooperators. Though the re- 
wards were of little value this was not 
thought to have influenced the rate of 
recovery because the nature of the 
reward was not indicated. As one of the 
cooperators, we banded one group of 
200 mallards with these reward bands 
and a control group with 200 standard 
bands during the fall of that year. 

The result obtained the first season 
from this banding was reported in a 
paper (Bellrose and Chase, 1950) dis- 
cussing mortality losses in ducks. Since 
then, additional recoveries from this 
banding as well as additional reward 
bandings in subsequent years have pro- 
vided more information on differences 
in recovery between reward and stand- 
ard bands. 

Table 1 shows the band recoveries 
obtained over a six-year period from the 
initial experiment with U. 8. Fish and 
Wildlife Service reward bands. Over 
twice as many reward bands were 
reported the first year as standard 
bands, but this difference declined 
sharply in subsequent years. 

In 1949, 759 reward bands were 
obtained from the U. 8. Fish and Wild- 
life Service for marking mallards used in 
an experiment designed to determine 
the lethality of lead shot. In addition, 
360 standard bands were used to mark 
another group of mallards in the same 
experiment. In both groups, bands were 
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TaBLe 1.—A ComPARISON OF RECOVERIES FROM MALLARDS BANDED wits 200 Rewarp Banps 
AND 200 STANDARD U. S. AND WILDLIFE SERVICE BaANps at Spring LAKE Nationat WILb- 
LIFE REFUGE, 1948 


Recoveries Ratio of 

Year of Standard Bands Reward Bands Standard to 

Return Number Per Cent Number Per Cent Reward 
1948 26 13.0 55 27.5 133.0) 
1949 10 5.0 17 8.5 1:21.70 
1950 8 4.0 10 5.0 1:31.25 
1951 3 1.5 4 2.0 1:31.33 
1952 3 1.5 5 2.5 1:1.66 
1953 0 0.0 2 1.0 

Total 50 93 


Average 25.0 


alternately attached to ducks with and 
without one shot pellet in the gizzard 
(Jordan and Bellrose, 1951). Recoveries 
from reward bands as compared to 
standard bands are given (Table 2). The 
relative difference in reward and stand- 
ard bands was less than it was from the 
group banded with both types in 1948 
(Table 1). If the high proportion of 
reward bands reported in 1948 were 


omitted (Table 1), the average greater 
recovery of reward over standard bands 
would be 1.6 times, a similar average 
to that obtained from the 1949 bandings 
(Table 2). 

It would appear that hunters were 
more zealous in reporting U. 8S. Fish 
and Wildlife Service reward bands in 
1948 than they were in subsequent 
years. 


Tasie 2.—A ComPaRISON OF RECOVERIES FROM MALLARDS BANDED WITH REWARD AND STANpD- 
arp U. 8. Fish anp Witpuire Service Banps at Cuaurauqua NaTIONAL WILDLIFE REFUGE, 
Inuinots, 1949 


Standard Bands 
Year of Number Recoveries 
Return Banded Number Per Cent 


Number Recoveries 


Reward Bands Ratio of 


Standard to 


Banded Number Per Cent Reward 
Recovery 


1949 360 13 3.6 
1950 27 7.5 
1951 13 3.6 
1952 10 2.8 
1953 8 2.2 


Total 360 71 


759 41 5.4 1:1.50 
81 10.7 1:1.43 
67 8.8 1:2.44 
36 4.7 1:21.68 
16 2.2 1: 0.00 


759 241 


46.5 1: 1.86 

Average 19.7 31.7 1:1.61 
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In 1950 and again in 1951 we wished 
to obtain as many band recoveries as 
possible from mallards used in lead 
poisoning experiments. Therefore, per- 
mission was obtained from the U. 8. 
Fish and W'Idlife Service to mark each 
duck with a two-dollar reward band in 
addition to the standard band. Besides 
the number, the special band was 
inscribed: ‘$2.00 Reward, Notify II. 
Nat. Hist. Surv., Urbana, Ill.”’ Re- 
coveries from these bands were pro- 
cessed by the Survey and a duplicate 
record sent to the banding office of the 
U. S. Fish and Wildlife Service. 

Recoveries from two-dollar reward 
bands as compared to those from 
standard bands are given in Table 3. 
These data are from mallards free of 
ingested lead shot. The ducks marked 
with standard bands were banded at the 
same time and were of similar age and 
sex to the reward-banded ducks. 


Up to July 1954, there was an average 
of 2.2 times as many two-dollar reward 
bands reported as standard bands 


(Table 3). Thus, there was a markedly 
higher rate of recovery of two-dollar 
reward bands than (save for 1948) there 
was of federal reward bands. It would 
appear that the notation of a two-dollar 
reward was a greater inducement for 
hunters to report a banded duck than 
the mere stipulation of a reward. Con- 
versation with several hunters who had 
previously received token rewards for 
reporting a federal reward band gave 
the impression that once the nature of 
the reward had become known, there 
was little incentive to report such a 
band. 
A question that has concerned bi- 
ologists analyzing waterfowl band re- 
coveries has been: “Is there a difference 
in the propensity of hunters to report 
bands taken in different sections of the 
continent?”’ To appraise this matter, 
recoveries in the years following banding 
with standard and reward bands were 
compared for four regions of the Missis- 
sippi Flyway (Table 4). If it is assumed 
that the desire for the reward was 


TaBLe 3.—A ComPARISON OF RECOVERIES FROM MALLARDS BANDED WITH $2.00 REWARD BANDS 
AND STanpDarp U. S. anp Service Banps aT CHauTauqua NaTIONAL WILDLIFE 
Rerveg, 1950 anp 1951 


Standard Bands 
Number Recoveries* 
Banded Number Per Cent 


Year of 
Return 


Number 
Banded Number 


$2.00 Reward Bands 
Recoveries 
Per cent 


Ratio of 
Standard to 
Reward 
Recovery 


1950 
1951 
1952 
1953 


Total 


Average 


32.4 1: 2.22 


* Band recoveries in 1951, 1952 and 1953 include recoveries from bandings made in both 1950 


and 1951. 


S 
r 
: 884 61 6.9 389 50 12.8 1: 1.86 
908 78 4.3 507 109 12.2 1: 2.84 
91 5.1 92 10.3 1 : 2.02 
42 2.3 39 4.3 1: 1.87 
— 1792 262 896 290 
14.6 
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TaBLeE 4.—A CoMPARISON OF RECOVERIES BETWEEN STANDARD AND $2.00 Rewarp Banps 
FROM Four REGIONS oF THE MississipPp1 Basep Uron Banpinas Maps In 1950 AND 
1951 AND RECOVERIES IN THE YEARS AFTER BANDING 


Canadian 


Northern Central Southern 


Type No. No. No. No. No. No. No. No. No. 
of Banded of Banded of Banded of Banded of Banded 
Band Recov- Recov- _—si~per Recov- _—i—per Recov- _—s per 
eries Recov- eries Recov- eries Recov- eries Recov- 
ery ery ery ery 
Standard 1792 25 71.7 37 48.4 63 28.4 40 44.8 
Reward 896 24 37.3 39 23.0 82 10.9 42 21.3 
Ratio- 
Standard 
to 1:1.¢@ 1:2.10 1:2.61 1:2.10 
Reward 
Recovery 


equally great among hunters in each of little difference in the propensity of 
the four regions, it would seem that hunters in the vicinity of the station and 
Canadian hunters were most zealous at elsewhere in the central region to report 
reporting standard duck bands and duck bands. Therefore, the low pro- 
those in the central zone were the least portion of standard band recoveries in 
so. There appears to be no difference in the central region was not due to a lack 
the band reporting propensity of hunters of curiosity on the part of hunters in the 
in the northern and southern sections vicinity of the banding station. 

of the United States. It was considered Even though two dollars was offered 
that since the banding station was in the for reporting a band, at least a small 
central region, perhaps hunters in the percentage of them have not been 
vicinity of the station might not have reported. Five of these bands were 
reported standard bands as well as known to have gone unreported by 
hunters did elsewhere. Consequently, persons living in the vicinity of the 
an analysis was made (Table 5) of banding station. Probably many re- 
standard and reward band recoveries ward bands found on ducks shot during 
taken within a 25-mile radius of the the closed season were also not reported. 
station. The result (Table 5) indicated Reward bands from mallards in the 


Taste 5.—A ComPARISON OF STANDARD AND $2.00 Rewarp Banps RecovEerRIES RECEIVED 
a 25-Mirte Rapius oF THE BaNnpine Sration Near Havana, Basep Upon 
Banpines Map In 1950 AND 1951 AND RECOVERIES IN THE YEARS AFTER BANDING 


Type of Number Recoveries Ratio: Standard to Reward 
Band Banded Number Per Cent Recovery 


Standard 1792 26 3.68 1:32.54 
Reward 896 33 1.45 
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Mississippi Flyway indicate that only 
one hunter in every two or three that 
obtain a standard band report it. 
Allowing for the failure to report all 
reward bands, it would appear from 
Illinois data that the kill of ducks by 
hunters is at least 2.5 times greater, 
and it may be as high as 3 times greater, 
than that indicated by unrefined band 
data. 
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THE USE OF BANDING DATA IN DETERMINING 
WATERFOWL MIGRATION AND DISTRIBUTION 


Walter F. Crissey 
U. 8. Fish and Wildlife Service, Washington, D. C. 


During the past two decades, about 
one and one-half million ducks and 
geese have been banded in the United 
States and Canada for the purpose of 
providing information useful in manag- 
ing waterfowl. The program has helped 
to determine the extent and location of 
wintering and breeding grounds, and 
the routes used by the birds in migra- 
tion. A summary of these data through 
1945 indicated the existence of four 
north-south routes of travel across the 
United States. As a direct result, the 
present system of managing waterfowl 
on a Flyway basis was conceived and 
placed in practice. 

Unfortunately, the type of banding 
data which supplied information per- 
mitting establishment of the Flyway 
framework is not adequate as a basis for 


more definitive types of management. 
Banding programs in the past were 
designed to show route of travel only, 
and not the relative numbers of birds 
using each route. More precise knowl- 
edge of relative numbers of birds which 
follow the various migration routes is 
necessary before maximum accuracy 
can be obtained in forecasting changes 
in the relative size of the fall flight in 
each Flyway. For example, past band- 
ing data have indicated that birds 
banded in both Saskatchewan and 
Alberta use the Central Flyway as one 
of their flight routes southward. If a 
survey revealed that the fall flight 
index from Saskatchewan decreased 
from 10,000,000 to 8,000,000 birds, 
while that from Alberta increased from 
5,000,000 to 7,000,000, the fact that 
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both Saskatchewan and Alberta sup- 
plied birds to the Central Flyway would 
not suffice for determining whether the 
flight in the Flyway would decrease or 
increase. Knowledge of relative changes 
in the size of the fall flight in each Fly- 
way is important, since this information 
forms the basis for setting annual 
shooting regulations. 

The requirement of measuring volume 
of movement, as well as route, has 
complicated the problem of determining 
migration and distribution. This paper 
is ai attempt to delineate the additional 
items which must be considered, to 
point out weaknesses in present ap- 
proaches, and to suggest preferable 
methods. 


To determine comparative volumes 
of movement over two or more migration 
routes it is necessary: (1) to band a 
representative sample of a population of 
known size and location, and (2) to 
recover a representative sample of the 
banded population after movement has 


occurred. 


REPRESENTATIVENESS OF THE BANDED 
SAMPLE 


If a banded sample is to be used to 
represent a given population unit, the 
sample must represent the unit both 
numerically and geographically. A little 
thought will reveal that most problems 
in migration and distribution can be 
solved only if there is some knowledge 
of the number of birds involved. A 
group of 1000 birds banded out of a 
population of 5000 will yield just as 
many recoveries as will 1000 banded 
out of a population of 100,000 providing 
both banded groups go to areas where 
equal proportions of the birds available 


are harvested. Unless there is knowledge 
of the size of the unit that the banded 
sample represents, the recovery data 
can be misleading. 

Although banding at as many ran- 
domly distributed sites as _ possible 
within the range of a population unit 
should result in a sample which will 
represent the unit geographically, it is 
not likely that it will represent the unit 
numerically. Theoretically, if equal 
banding effort were spent in each of two 
population units of comparable size, 
then the number of birds banded would 
be in relation to the number of birds 
present in each unit. Unfortunately, 
however, the efficiency of banding 
operations varies with differences in 
habitat type, sizes of the individual 
areas, and many other factors. Exper- 
ience has shown that information con- 
cerning the number of birds in a popu- 
lation which the banded sample repre- 
sents must be determined by means 
other than banding. In the breeding and 
wintering grounds, this can be obtained 
by appropriate aerial surveys. 


BREEDING GROUND BANDING: By means 
of breeding ground surveys, changes in 
annual production are being deter- 
mined for sub-units within each state 
and province in the breeding range. In 
order to measure the effect which 
changes in production in the various 
sub-units will have on the fall flight in 
each Flyway, it is necessary to deter- 
mine the distribution of the particular 
population produced in each unit. Much 
of past banding cannot be used for 
determining distribution from the var- 
ious sub-units because the birds were 
not representative of the unit in which 
they were banded, or any other unit 
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of known size and location, except the 
banding site itself. 

In Manitoba, for example, many 
birds have been banded at Delta, which 
is an area where birds concentrate 
during late summer just prior to their 
southward migration. Mid-summer 
banding, particularly of juveniles, has 
shown that soon after the young learn 
to fly, considerable wandering takes 
place. Movement occurs in all directions, 
even northward, and it is these birds 
which build up concentrations at such 
places as Delta. Birds banded at Delta, 
therefore, may represent individuals 
from North Dakota, Saskatchewan, and 
the Northwest Territories, as well as 
the surrounding areas in Manitoba. As 
such they do not represent the specific 
population measured during the breed- 
ing ground surveys in Manitoba. Along 
the same line, many birds have been 
banded at Whitewater Lake, Manitoba, 
which is a mid-summer moulting area for 
adults. Since adults are known to move 
long distances into moulting concentra- 
tion areas, birds banded under these 
circumstances also are not representa- 
tive of the area in the vicinity of the 
banding site. 

The key to the problem of associating 
banded samples with migratory bird 
populations of known size and location 
is to measure the population and do 
the banding during a period when the 
birds are relatively sedentary. Following 
are a series of suggestions for accom- 
plishing this on the breeding grounds, 
and for enlarging upon the accuracy 
of forecasting changes in the relative 
size of the fall flight in each Flyway: 

1. Band adults known to be nesting, 
or juveniles which have not yet reached 
the flying stage. 


2. Distribute banding over the breed- 
ing range in as random a manner as 
possible. 


3. Analyze the recoveries to deter- 
mine the limit of areas, or breeding 
units, from which there is approximately 
the same migrational pattern. For ex- 
ample, if banding of juvenile birds in 
southwestern Manitoba resulted in 75% 
of the recoveries coming from the 
Mississippi Flyway, 20% from the 
Central, and 5% from the Atlantic, all 
areas which had reasonably similar 
patterns of distribution would be in- 
cluded in the same breeding unit. 


4. For each of the breeding units, 
conduct appropriate surveys to deter- 
mine an “index”’ figure representing the 
relative number of ducks which will 
move southward in the fall. Actually, 
these data are currently available over 
much of the breeding range as a result 
of breeding ground surveys. 


5. After the proportional distribution 
to each of the four Flyways has been 
determined by means of the banded 
samples, divide the population “index’’ 
figures accordingly. 


6. Accumulate the divided “index” 
figures into totals for each Flyway. 
These totals can then be used to fore- 
cast relative changes in the size of the 
fall flight in each Flyway. 

It is likely that the proposed method 
must be worked out for each species 
individually, and that breeding units for 
each species may be different. It is 
probable, however, that for the purpose 
of practical management it will be 
necessary to work out distribution for 
only a few of the more important 
species in this manner. 
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BanpinG DurinG MiGRATION PERIODS: 
During migration it is difficult if not 
impossible to determine the size of the 
population which a banded sample 
represents. Illustrative of this are the 
three flight routes used by black ducks 
in crossing New York State on south- 
ward migration. The first is along the 
coast through Long Island; the second 
is through Lake Champlain and the 
Hudson Valley; and the third is over 
Lake Ontario and the Finger Lakes 
region. Periodic fall inventories have 
indicated that even at the peak of 
migration there are usually not more 
than about 25,000 black ducks in 
New York State at a given time. 
Banding data have shown, however, 
that in the region between New York 
and the southern border of North 
Carolina, the majority of blacks which 
are shot there, or which survive to 
spend the winter, move through New 
York. Estimates of kill by hunters plus 
winter survey data indicate that in an 
average year this number approaches a 
half-million birds. It seems obvious, 
therefore, that either large numbers of 
blacks fly completely across New York 
without stopping, or that flocks of black 
ducks which are often observed in one 
place for considerable lengths of time 
are actually being added to and sub- 
tracted from at a rapid rate. The net 
result is that numbers of birds using the 
recognized routes cannot be determined 
by field observation. Even though New 
York has established a well-distributed 
system of banding stations along each 
flight route, there are no data available 
which can be used to determine the 
relative weight which should be given 
the recoveries from stations along each 
route. This is important, because it is 


entirely possible that 1000 birds banded 
along one route might represent many 
times more birds than would 1000 
banded along another. 

Secondly, there seems to be a definite 
question as to whether birds in migration 
which are caught by means of bait 
traps are a representative sample of all 
birds moving through the station. C. E. 
Addy (1953) concluded “...... that in 
our coastal trapping we are banding 
primarily a sedentary group of birds, 
to the exclusion or partial exclusion of a 
migratory or transient population that is 
taken by hunters but is not taken in 
significant numbers in traps. It is 
doubtful whether any amount of bait 
trapping in certain wintering grounds in 
northern coastal states will yield even 
reasonably accurate data on the extent 
or importance of migration through the 
particular point.” It appears that there 
are many points along the migration 
routes, some of which are wintering 
areas along the coast, and some of which 
are not, where temporary resident 
populations are built up and remain 
until forced out by weather. At the 
same time, there may be large numbers 
of birds which stop briefly in the area 
on their way further south. Resident 
birds soon establish a “trap habit” and 
tend to monopolize the traps to the 
exclusion of transient birds. Because the 
banded group remains in the vicinity 
of the banding station for an extended 
period, the majority of recoveries occur 
around the banding station. Also, it is 
not unusual for recoveries to be rel- 
atively high within 25 miles of the 
banding station during succeeding years, 
indicating that the same group of 
birds follows the same pattern of move- 
ment each year. This explains, in large 
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measure, why from 50 to 80 per cent of 
the total recoveries from some banding 
stations in northern states are taken 
within 25 miles of the banding station. 

It is concluded, therefore, that band- 
ing during migration periods result in 
data which are difficult to interpret and 
which can be misleading. The practice 
is not recommended as a means of 
determining migration and distribution. 


WINTERING Ground Banpine: Under 
certain circumstances, a valuable ap- 
proach to the problem of determining 
migration and distribution is to band 
on the wintering ground. With some 
species of waterfowl, populations build 
up and remain relatively sedentary 
during mid-winter in areas where they 
can be censused readily. Further, it 
appears that representative samples of 
sedentary wintering populations can be 
banded by means of bait trapping. 
Here again it is possible to relate a 
banded sample with a population of 
known size and location. For example, 
winter survey data indicate that 1,000 
black ducks banded at randomly scat- 
tered stations around Chesapeake Bay 
would represent about 4 1/2 times as 
many birds as would 1,000 similarly 
banded along the coast of North 
Carolina. By using such information, 
recoveries can be weighed accordingly. 

Winter banding is dependent upon 
recoveries during the following fall as a 
source of data. A period averaging about 
ten months in length intervenes be- 
tween banding and recovery. During 
this time natural mortality factors could 
operate more against some population 
units than against others. For this 
reason, the recovery data yield only a 
rough measure of the size of populations 


moving Over various migration routes 
into the wintering area where the 
banding is done. Nevertheless, winter 
banding may be more efficient than 
breeding ground banding for some 
species. For example, present informa- 
tion indicates that this may be true for 
the black duck in the Atlantic Flyway. 


REPRESENTATIVENESS OF THE 

RECOVERED SAMPLE 
Banding in such a manner that the 
banded sample is representative of a 
known population unit is of primary 
importance in determining migration 
and distribution. However, it is equally 
important to know what the recovered 
sample represents after movement has 
taken place. To evaluate the representa- 
tiveness of the recovered sample it is 
necessary to determine (1) the propor- 
tion of birds available which are re- 
covered, and (2) the proportion of 

recovered bands which are reported. 


PROPORTION OF BrirpS AVAILABLE 
WHICH ARE RECOVERED: In determining 
the distribution of a population unit to 
two or more places, it is necessary to 
have some knowledge of the proportion 
of birds available which are recovered in 
the several places. For example, let us 
assume that 100 banded birds from a 
breeding unit went to each of two areas 
(A and B). In Area A, 10 bands were 
recovered, while in Area B, 20 bands 
were recovered. Unless it was known 
that twice as great a portion of those 
present in Area B had been recovered, 
there would be no way of determining 
that distribution to the two areas had 
been equal. A review of the literature 
reveals that many authors have as- 
sumed that a band recovered in one 
place represented the same thing as a 
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band recovered in another, as far as 
distribution was concerned. In some 
instances they may have been correct, 
but in others they were not. 

For the most part, waterfowl bands 
are recovered by hunters. The oppor- 
tunity for recovery is greatly reduced 
during the time when the shooting 
season is closed, or in areas where there 
are few hunters. The number and 
location of recoveries in the far north is 
influenced more by the distribution and 
number of native hunters than it is by 
the distribution of waterfowl. During the 
closed season on waterfowl in populated 
areas, a fair number of bands are re- 
covered, many of which are taken acci- 
dently during muskrat trapping oper- 
ations. Here again the number and dis- 
tribution of recoveries is influenced 
by factors other than the distribution 
of the birds. Most muskrat trap recover- 
ies occur during spring. Some states 
continue their trapping seasons late 
enough in the spring so that ducks are 
caught, while others close their seasons 
before ducks arrive. Some regulations 
allow the setting of traps on muskrat 
houses, a procedure which seems par- 
ticularly selective of ducks, while others 
do not. For these and other reasons, 
it seems evident that during the closed 
season, factors responsible for the taking 
of banded ducks are not equal through- 
out the range. Without a means of 
measuring this differential in recovery 
factors, recovery data can be misleading 
as an indicator of distribution. 

Unfortunately, there is question also 
as to whether the opportunity to take a 
banded duck is equal, or measurable, 
between places during the shooting 
season. For example, it has been com- 
monly believed that hunters in the 


Mississippi Flyway shoot a_ higher 
portion of their ducks than do hunters 
in the Central and Pacific Flyways. It 
has been suggested that the number of 
hunters, or number of birds killed in 
each Flyway, could be used as a measure 
of the difference in rate at which banded 
birds would be taken. For example, 
there are about twice as many hunters in 
the Mississippi Flyway as there are in 
the Central. Usually about twice as 
many birds are killed in the Mississippi. 
It has been argued that this would mean 
that twice as great a proportion of the 
banded birds present in the Mississippi 
Flyway would be killed, and that two 
bands recovered in the Mississippi 
would equal one band recovered in the 
Central as an indicator of distribution. 
This is not necessarily so. To begin 
with, once the banded birds have left 
the vicinity of the banding station, it 
seems logical to assume that they will be 
well mixed in the over-all population. 
Since there is no reason to believe that 
hunters will shoot unbanded birds in a 
greater relative ratio than banded birds, 
or vice versa, it follows that the propor- 
tion of banded birds present that are 
killed will be the same as the proportion 
of unbanded birds present that are 
killed. That is, if hunting removes 30 
per cent of the banded birds present in a 
Flyway, then 30 per cent of the un- 
banded population will be killed also. 
It follows, also, that if hunters in the 
Mississippi Flyway remove twice as 
great a portion of the banded birds 
present, they will kill twice as great a 
portion of the unbanded population 
as well. 

Although information is lacking to 
prove or disprove the point, it seems 
unlikely that the Mississippi Flyway 
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hunters do remove twice as great a 
portion of their total population as 
compared to the Central Flyway. To 
illustrate the point, let us assume that an 
average seasonal kill of ducks in the 
Mississippi Flyway is 100x birds, while 
that in the Central Flyway is 50x 
birds. Also, let us assume that the kill in 
the Central Flyway represents 10 per 
cent of the birds available during the 
fall period. The proportion killed in 
the Mississippi Flyway would be 20 
per cent (twice as much). Following such 
an assumption the number of birds avail- 
able to hunters during the fall period 
would be 500x in both the Central and 
Mississippi Flyways. 

The line of reasoning which uses 
number of birds killed as a measure of 
opportunity to take a banded bird 
automatically assumes that the total 
populations were equal between the 
two areas being compared. At present 
there is no measure of the relative 
numbers of birds which move southward 
through the Central and Mississippi 
Flyways, but from available information 
it seems likely that the number of birds 
in the Mississippi Flyway is probably 
greater. The key to the situation is 
knowledge of the number of birds 
available, either banded or unbanded, 
and without this information there can 
be no calculation of the proportion of 
birds removed by hunters, regardless of 
whether they are banded or not. 

There may be one solution to the 
problem. The number of birds banded 
does constitute a measure of birds 
available, providing recovery takes place 
soon after the birds are banded, and 
providing they all go to the same 
recovery area. For example, if all 
recoveries from banding in Manitoba 


were well distributed in the Mississippi 
Flyway, and all recoveries from Alberta 
banding were well distributed in the 
Pacific Flyway, any differences in the 
rate of recovery among Manitoba 
banded birds as against those from 
Alberta should be indicative of dif- 
ferences in the rate of kill of total popu- 
lations between the two Flyways. Un- 
fortunately, among banding data cur- 
rently available, no banding station or 
series of stations could be found which 
met the above requirements specifi- 
cally. Consequently, at the present 
time it is not possible to evaluate differ- 
ences in recovery rate between Flyways 
with any degree of accuracy. However, 
it would seem that a properly designed 
banding program might offer a solution 
to this important problem. 


PROPORTION OF BanpdsS RECOVERED 
WHICH ARE Reportep: Of the banded 
birds which are shot, the proportion 
which is reported is another factor 
which complicates the analysis of band 
recovery data. When banding was in- 
augurated, it was realized that not all 
bands recovered would be turned in. 
Various estimates of the portion turned 
in were made from time to time. Leo- 
pold (1933) obtained estimates that as 
high as 80 per cent of bands recovered 
were not reported from the Carolinas. 
On the other hand, Bellrose (1945) es- 


timated that the rate of non-reporting in 


Illinois has been only about 25 per cent. 
The first factual data concerning the 
proportion of bands turned in was ob- 
tained during 1948. During that year, 
bands were used on which was inscribed 
the word Rewarp. Approximately 2,130 
of these bands were alternated with 
regular bands at 15 banding stations 
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seattered throughout the United States 
and Canada. Three hundred bands were 
placed on black ducks in the east, and 
the remainder on mallards in the central 
and western parts of the continent. 
From black ducks, 85 Rewarp bands 
(2.7 times as many) were turned in as 
against 32 regular bands. Among mal- 
lards, 2.2 times as many Rewarp bands 
were turned in as control bands. Al- 
though the ratio of reward to control 
bands was very consistent among the 
stations banding black ducks, there was 
considerable variation among the sta- 
tions banding mallards. Regarding mal- 
lards, the ratios vary from 4.0 times 
as many Rewarp bands turned in from 
a station in Colorado to 1.1 times as 
many from a station in Oklahoma. Of 
interest is the fact that from a second 
station in Oklahoma the return of 
Rewarp bands was 3.0 times as great 
as for regular bands. It is probable that 
not all Rewarp bands were turned in, 
which means that lack of response was 
somewhat greater than the estimate 
obtained by this method. It appears, 
therefore, that between half and two- 
thirds of the bands recovered by sports- 
men are never reported. Although some 
of the variation observed may be due to 
small sample size, there is at least an 
indication that the proportion reported 
may vary from one part of the country 
to another. 

It is evident that knowledge of the 
proportion of banded birds recovered in 
various localities is necessary if volume 
of movement to these localities is to be 
determined. If varying proportions of 
these recoveries are reported, and if 
there is no measure of these variations, 
then it is obvious that number of 
recoveries cannot be determined and 


volume of movement cannot be calcu- 
lated. With such a large reservoir of 
unreported bands in the hands of 
hunters, the problem is serious. 


It is inconceivable that a method 
could be devised that would result in all 
recovered bands being turned in. Rather, 
the objective should be to promote the 
reporting of a consistent portion of 
those which are recovered. Further, for 
most problems, a low but consistent 
rate of reporting is better than a high 
but inconsistent rate. In this connec- 
tion, ever since banding was inaugu- 
rated, publicity drives of one sort or 
another have been put on for the purpose 
of getting sportsmen to report more of 
the bands which they recover. These 
publicity drives have been sporadic, and 
have affected some parts of the country 
more than others. Undoubtedly they 
have been effective and have resulted in 
local increases in the rate of reporting 
during some years, all of which has 
reduced the validity of banding data. 
Although these publicity drives have 
been undertaken by individuals and 
organizations who have assumed that 
they were being helpful, it would be 
better if such campaigns were dis- 
couraged in the future. 


The key to the problem of standard- 
izing the rate of band reporting by 
sportsmen is to standardize publicity. 
To accomplish this, sporadic appeals 
must be eliminated. In their place should 
be substituted some type of appeal 
which has an equal chance of being 
seen by every duck stamp purchaser 
throughout the country. Suitable posters 
in Post Offices where duck stamps are 
purchased, or an appropriate message on 
the face of the duck stamp itself are two 
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suggestions. Another suggestion is that 
there be no publicity at all. 

Even though publicity is standard- 
ized, it is likely that the proportion of 
bands taken but not turned in will vary 
from one part of the country to another. 
One means of measuring this variable 
would be to refine and expand the 
Rewarp band method, carrying it on 
every five years or so. It appears, how- 
ever, that there are factors involved in 
the use of Rewarp bands which are 
difficult to evaluate, and which could 
defeat the very purpose for which they 
were intended. At the present time, 
questions regarding banded birds are 
being asked on a postcard question- 
naire which is being used for deter- 
mining waterfowl kill. Although still 
in the experimental stage, the method 
shows promise and may be the solution 
to this particular problem. 


SUMMARY 


1. Much of past banding has been 
done in such a manner that recovery 
data can be used to show route of 
travel only and not the relative number 
of birds which used each route. 

2. Present day problems in waterfowl 
management require knowledge of the 
relative number, or volume, of birds 
which move over the various migration 
routes. 

3. The first step in determining 
relative volume of movement from 
breeding ground population units to 
each of the Flyways is to band nesting 
adults, or juveniles prior to the flying 
stage, and to associate the birds banded 
with population “index” figures from 
appropriate breeding ground surveys. 

4. Banding during migration periods 
is of little value for determining distri- 


bution due to the fact that it is difficult 
or impossible to relate the birds banded 
to the size of the population being 
sampled. 

5. A rough measure of volume of 
movement over various migration routes 
can be obtained by banding on the 
wintering ground when the birds are 
relatively sedentary, and where the 
number of birds being sampled can be 
determined by appropriate censuses. 

6. In measuring volume of movement, 
it is necessary that information be 
available with which to determine 
what the recovered sample represents 
after movement has taken place. Im- 
portant problems in this respect are (1) 
proportion of birds available which are 
recovered, and (2) proportion of bands 
recovered which are reported to the Fish 
and Wildlife Service Bird Banding 
Office at Laurel, Maryland. 

7. A determination of proportion of 
birds available which are killed is 
dependent on a knowledge of the total 
birds available. The number of birds 
killed, or number of hunters involved 
cannot be used for determining the 
proportion of birds available which are 
killed. Under certain circumstances, 
it is believed that number of birds 
banded might be used as a rough 
measure of number of birds available. A 
properly designed banding program 
would have real value in supplying a 
solution to this problem. 

8. Based on an experiment with 
RewarpD bands, it is estimated that 
between half and two-thirds of the 
bands recovered by sportsmen are never 
reported. Also, the rate of reporting 
may vary from ene part of the country 
to another. Sporadic publicity cam- 
paigns aimed at increasing the rate of 
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reporting bands have reduced the 
validity of banding data. Standardized 
publicity which stands an equal chance 
of reaching all duck stamp purchasers 
should be promoted. A question cur- 
rently being asked on a postcard ques- 
tionnaire to waterfowl hunters may 
yield the necessary information con- 
cerning differences in reporting rates 
from one part of the country to another. 
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RECOMMENDATIONS FOR THE CULTURE OF 
Lespedeza bicolor 


Walter Rosene, Jr. 
U. S. Fish and Wildlife Service, Gadsden, Alabama 


Though bicolor (Lespedeza bicolor 
Turez.), a native of Japan, has long 
been grown locally in this country as an 
ornamental, trial of its usefulness for 
erosion control and wildlife began in the 
southeastern states about 1935. The 
Soil Conservation Service was the first 
agency to test and plant this shrub 
extensively. Small’s Manual of the 
Southeastern Flora (1933) lists the 
plant as occurring from Florida to North 
Carolina along roadsides, waste places 
and woods. However, not until the late 
thirties was culture of the plant under- 
taken on a large scale. In the spring of 
1939, 1,283,485 seedlings were set on 
Soil Conservation Service project areas 
through CCC camps under its juris- 
diction. Production has increased each 
succeeding year, with over 50 million 
seedlings grown in the summer of 1950. 
In recent years, most of the plantings 
have been made through state Pittman- 
Robertson programs. Over 80 per cent 


of the stock is distributed to farmers 
cooperating in soil conservation dis- 
tricts. The balance goes to sportsman 
groups, private hunting clubs, or is 
planted on publicly owned land. 

In early trials with bicolor on farms, 
the shrubs were used to form a living 
dam across a gully or were planted on 
areas so eroded that native plants had 
difficulty becoming established. A mix- 
ture of shrubs frequently was used in 
these sites with little regard for the 
ecology of the situation. As a result, 
most of the plants did not survive 
beyond the first summer. 

Methods of establishing and maintain- 
ing bicolor reported here have been 
developed by a study of plantings made 
since 1942. Most of these were located 
near Union Springs, Alabama, and 
Ridgeland, Georgetown and Pineville, 
South Carolina. Others were studied in 
various Alabama and South Carolina 
localities in the Piedmont, Limestone 
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Valley, Coastal Plain, River Flood 
Plain, Appalachian Mountain and Black 
Belt soil provinces. Over 600 plantings 
were observed from 1949-53. Of these, 
more than 500 were in quail shooting 
preserves and the remainder on general 
farmland. 

To make the study more applicable 
over the Southeast, common soils were 
classed according to inherent fertility 
characteristics. In most instances, land- 
use capability tables prepared by the 
SCS were consulted. Soil series and 
type at planting sites were determined 
with the assistance of soil scientists of 
the Soil Conservation Service. 

As many bicolor plantings as possible 
were observed in each soil class. Extent 
of stands and of growth was recorded. 
Seed production was estimated as heavy 
(over 200 Ibs. per acre), medium (100- 
200 lbs. per acre) or light (less than 100 
Ibs. per acre). Notes were made on the 
planting site in relation to trees and 
other competing vegetation. Information 
on kind and amount of fertilizer used 
and maintenance techniques was ob- 
tained from the plantation manager or 
farmer. These records and observations 
are the basis for recommendations 
given below. 


RECOMMENDATIONS 


Bicolor will grow in many different 
types of soils but best growth occurs in 
highly fertile, well-drained land. Such 
conditions seldom are found where bi- 
color is used most: on field edges border- 
ing woodland and in open stands of 
woodland. Such sites usually are low in 
fertility since woodlands generally are 
on the poorest soils of a farm. Erosion 
also is more severe on field edges than 
elsewhere due to drain from crop rows. 


These adverse conditions emphasize the 
need for proper site preparation and 
continued maintenance for satisfactory 
bicolor culture. 


PLANTING 


For field use setting out one-year-old 
seedlings usually is preferable to sowing 
seed. If seed are available they may be 
sown in a nursery plot to produce seed- 
lings. Hand weeding ordinarily is neces- 
sary in such a nursery. With few excep- 
tions plots used for this study were set 
with year-old seedlings. 

Strip plantings are recommended. 
Each should be 15 feet wide with 
30- to 36-inch intervals between rows. 
Plants should be set 18 inches apart 
in the row. A planting of this design 
limits light entering the sides and 
thereby curbs weed growth. Strips 
of one-eighth to one-tenth acre seem 
to be of suitable size for quail. 

Plowing should be 6-8 inches deep, 
and well ahead of planting so the soil 
will settle. If the bed’s surface is 
relatively even, cultivation will be 
easier. 

Fertilizer may be distributed in rows 
at the time of land preparation. Recom- 
mended rates for common soil types are 
given in Tables 1 and 2. If fertilizer is 
placed in the rows at planting time, 
it should be well away from bicolor 
roots. Broadcast applications have been 
successful also. 

Care should be exercised in handling 
bicolor seedlings. The roots must not be 
exposed to heat or allowed to dry out. 
They can be heeled-in temporarily until 
planted. Good stands have resulted from 
various planting methods, a primary 
essential being firm packing of the roots 
in well-settled soil. The easiest way is to 
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TABLE 1.—RECOMMENDATIONS FOR PrepMont, Mountain, Limestone VALLEY, TERRACE AND 
First Borrom Sorts 


Soil Series 
High Inherent Fertility 
Starr, Seneca, Abernathy, Tate, Hiwassee, Cumber- 
land, Emory, Decatur, Dewey, Lloyd, Etowah, 
Tirzah, Porters, Rabun, Davidson, Enon, Efland, 
Congaree, Huntington, State, Pope, Waynesboro. 


Moderate Inherent Fertility 
Madison, Coosa, Altavista, Cecil, Appling, 
Hulett, Choccolocco, Cahaba, Sequatchie, Hol- 
ston, Allen, Cotaco, Nolichucky, Wickham, 


Georgeville, Tatum, Lockhart, Hayesville, Nason, 
Balfour, York, Halewood, Alamance, Greendale, 
Durham, Herndon, Edneyville, Helena, Elbert, 
Mecklenburg, Fullerton, Hartselle, Hanceville. 


Low Inherent Fertility 


Clarksville, Lehew, Apison, Colbert, Jefferson, 
Fannin, Linker, Winterboro, Crossville, Enders, 
Augusta, Mallory, Locust, Tilsit, Orange, Iredell, 
Vance, all loamy sands and loamy fine sands. 


Pounds Fertilizer Suggested per Acre 


Erosion Frequency of 
Factor* At Planting For Maintenance Maintenance 


0-2 0 36 36 0 42 30 3 years 
3 16 48 48 0 42 30 3 

4 24 48 48 0 5 40 3 
0-2 8 36 36 0 42 30 3 

3 16 60 60 8 56 40 2-3 
4 20 72 72 8 70 50 2 
0-2 8 48 48 8 42 30 2-3 
3 16 #72 72 16 70 50 2 

4 24 84 84 16 84 60 2 
0-2 16 60 60 8 70 50 1-2 
3 24 72 72 16 84 60 1-2 
4 24 96 96 16 126 90 1 


Not recommended on these poor soils: Montevallo shale, Pottsville, Talladega, Muskingum, Louisa, Weogulfka, Wilks, 


Louisburg, Golston. 


Not recommended on these soils on slopes less than 2 per cent due to poor drainage: Augusta, Iredell, Helena, Mallory, 
Locust, Tilsit, Vance, Elbert, Efland, Enon, Orange, Holston (shallowphase). 
Not recommended on these soils on any slope due to poor drainage: Ooltewah, Colfax, Worsham, Wehadkee, Cotaco, 
Philo, Chewacla, Pinson, Leadvale, Melvin, Atkins, Tyler, alluvial soils undifferentiated. 
*Factors from: Guide for soil conservation surveys. USDA SCS Wash., D. C., May 1, 1948. 


1 — Less than 25% of top soil removed. 
2 -— 25-75% of top soil removed. 


3 — 75% of top soil to less than 25% of sub soil removed. 


4 — 25-75% of sub soil removed. 


open a furrow with a turn plow, drop the 
plants upright against the vertical side, 
then cover them lightly with another 
furrow throwing the loose soil 4 inches 
higher over the seedlings than their 
depth in the nursery row. A tractor 
wheel may be run alongside the plants 
to firm the soil. 


MAINTENANCE 


Bicolor must be maintained periodi- 
cally to be successful. A good strip 
should eventually grow from 7 to 10 
feet tall, produce an abundance of seed 


and be free of weed growth beneath the 
stems. To be available to quail, it is 
essential that seed fall upon ground 
devoid of vegetation since these birds do 
very little scratching for food. 
Maintenance must start the first 
growing season with at least two cultiva- 
tions to control weed growth. By frost, 
the strip should average at least 5 feet 
and produce a light seed crop. After the 
first growing season, seed yields have 
sometimes been over 300 pounds per 


acre. 
Stem growth the first summer some- 
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TaBLE 2.—RECOMMENDATIONS FOR COASTAL PLAIN AND Buack BELT SoILs 


Soil Series 
High Inherent Fertility 


Blanton, Magnolia, Ducker, Tifton, Red Bay, Green- 
ville, Ochlocknee, Blakey, Orangeburg, Marlboro, 
Faceville, Amite. 


Moderate Inherent Fertility 


Jamison, Norfolk, Ruston, Luverne, Kirvin, 
Shubuta, Eulonia, Fairhope, Tabor, Coxville, 
Lynchburg, Scranton, Onslow, Charleston, Kalmia, 
Mantachie, Vaiden, Oktibbeha, Faunsdale. 


Low Inherent Fertility 


Gilead, Guin, Pheba, Dunbar, Prentiss, Tilden, 
Sawyer, Wahee, Edisto, Flint, Izagora, Susquehanna, 
Stough, Boswell, Natchitoches, Macon, Wilcox, 
Kipling, all loamy sand and loamy fine sand type soils. 


Pounds Fertilizer Suggested per Acre 


Erosion Frequency of 
Factor* At Planting For Maintenance Maintenance 


N KON. POs 


0-2 12 36 36 0 42 30 2-3 yrs. 
3-4 20 60 60 6 56 40 2 

0-1 16 48 48 6 56 40 2-3 
2-3 24 72 72 8 70 50 2 

3-4 32 96 96 10 84 60 2 


0-1 24 #72 72 12 84 60 1-2 
2-3 32 96 96 18 98 70 1-2 
3-4 40 120 120 24 112 80 1 


Not recommended on sands found on the uplands or second bottoms. 

Not recommended on these soils on slopes Jess than 2 per cent due to poor drainage: Shubuta, Eulonia, Fairhope, 
Flint, Tabor, Pheba, Dunbar, Lynchburg, Scranton, Onslow, Coxville, Edisto, Tilden, Charleston, Prentiss, Stough, 
Manatchie, Macon, Boswell, Sawyer, Wilcox, Natchitoches, Izagora, Susquehanna, Wahee. 

Not recommended on these soils on any slope due to poor drainage: Plummer, Grady, Caddo, Eutaw, Leaf, Gieger, 
Myatt, Stono, Nosbig, Weston, Portsmouth, Okenee, Bladen, Bayboro, Hyde, St. John, Leon, Johnston, Bibb, 


alluvial soils undifferentiated. 


Not recommended on the alkaline Black Belt soils: Sumpter, Houston, Bell, Catalpa, Leeper, Kaufman. 
*Factors from: Guide for soil conservation surveys. USDA SCS Wash., D.C., May 1, 1948. 


1 - Less then 25 of top soil removed. 
2 - 25-75% of top soil removed. 


3 - 75% of top soil to less than 25% of sub soil removed. 


4 - 25-75% of sub soi] removed. 


times consists of a single shoot from the 
crown. This is particularly true if the 
seedling tops have not been clipped. 
Ultimately, many shoots from a crown 
are desirable, so cutting-back of each 
stem 6-8 inches above ground level is 
recommended before sprouting in the 
spring of the second growing season 
when bushy plants are desired. The 
resulting increase in top growth makes 
more shade and eliminates need for 
cultivation to control weeds. Clipping 
without fertilization is not recommended 
for old strips, particularly those growing 
on soils of limited fertility as it may 
result in decreased seed yields. 

Cutting back can be accomplished 


with hand clippers, mowing machines, or 
several types of brush cutters. However, 
disking probably is best. It not only 
cuts bicolor stems but also pulverizes the 
surface soil, and destroys broomsedge 
crowns and perennial weeds. Well- 
established root systems on dormant 
bicolor will withstand rough treatment 
such as disking. 

The scorching of bicolor tops with 
fire is beneficial to a healthy plant. After 
a winter burn, numerous sprouts will 
shoot from the crown the following 
spring, and with sufficient fertility in the 
soil a thicker plant will result. 

If year-old strips fail to make an 
average growth of 5 feet, a maintenance 
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application of fertilizer is recommended 
(see Tables 1 and 2). Broadcast applica- 
tion is best, applied just before disking. 

Frequency of maintenance depends 
largely upon fertility of the soil. Need 
for maintenance may be indicated by the 
following symptoms of deterioration: 
(1) invasion by broomsedge or other 
weeds, (2) short terminal growth, (3) 
light seeding. Probably frequency of 
required maintenance is indicated ac- 
cording to soil fertility in Tables 1 and 2. 


ENEMIES 


A few insects are known to feed on 
bicolor: the twig-girdler beetle (Oncid- 
eres cingulatus) and leaf-hoppers (Cica- 
dellidae). None is seriously harmful. The 
twig-girdler may accomplish beneficial 
pruning and leaf-hoppers eat bicolor 
leaves only to a limited extent and 
probably only when more desirable foods 
are not available. 

No fungus or bacterial diseases have 
been observed on bicolor. 

Though rabbits, mice, the rice rat 
and the cotton rat are known to range in 
bicolor strips, only slight damage by 
small mammals has been observed. 

Both cattle and deer graze bicolor. So, 
if used in pastures, it must be fenced 
from grazing. Frequent spraying with 
casein paint will reduce deer damage. 


CONCLUSION 


If properly located, bicolor fits well 


into most cropping systems. Where the 
shift in agriculture has been from row- 
crop farming to pasture development, 
quail have declined. Experiments are 
underway to determine the limiting 
factors on quail populations under this 
type of agriculture. If food is a main 
factor, bicolor may help fill the need. 
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CRITERIA FOR ESTIMATING FALL FOX SQUIRREL 
POPULATIONS? 


Charles E. Friley, Jr. 


Michigan Department of Conservation, Allegan, Michigan 


Investigations at the Rose Lake 
Wildlife Experiment Station, located 12 
miles northeast of Lansing in Clinton 
and Shiawassee Counties, Michigan, are 
concerned primarily with development 
and testing of management techniques 
to increase the harvestable surplus of 
southern Michigan small game species. 
Such investigations include work on 
indices of yearly population levels to 
permit control of the harvest on the 
basis of known populations. 

Fox squirrel live-trapping, kill rec- 
ords, and calculation of pre-hunting 
populations have all been used in 
determining trends in population levels 
at Rose Lake since 1940. From live- 
trapping conducted just prior to the 
hunting season each year, trapping- 
success data have been secured for 
comparison with the previous years’ 
data to provide a basis for predicting 
the population trend. Kill records have 
been used to show how the population 
level after the season compared with 
those of previous years. More recently, 
the Lincoln Index, which utilizes the 
same data secured for use in the first 


1Data are from investigations carried on 
under Pittman-Robertson Research Projects 
2-R and 40-R, Game Division, Michigan 
Department of Conservation. The writer is 
indebted to Dr. C. T. Black of the Rose 
Lake Wildlife Experiment Station, for help- 
ful suggestions, and to numerous colleagues 
’ at Rose Lake who were instrumental in col- 
lecting basic data. 
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two, has been used to estimate pre- 
hunting populations. The numerical 
estimate thus derived is considered 
more accurate in reflecting real changes 
in the fox squirrel population than either 
of the other two methods. 

The Rose Lake fox squirrel kill is 
considered to be quite reliable as an 
indicator of population trends. For the 
nine yearly intervals available for com- 
parison, kill and calculated populations 
show similar trends in seven years. 
Kill and trapping success trends are 
similar in only three years. 

Seven woodlots on an 800-acre block 
of the experiment station made up the 
study area used in this paper as it relates 
to trapping success. One trap per acre 
was set on the 102 acres of woodlot. 
Rabbit-trapping operations, concurrent 
with or following the pre-hunting fox 
squirrel-trapping operation, have re- 
sulted in the taking of additional 
squirrels. Kill and tagging data from the 
entire 800-acre block were used in the 
Lincoln Index calculations. Squirrel 
trapping began from two to six weeks 
prior to the hunting season. Continuous 
trapping varied from eleven to thirty 
days, and ended within one week of the 
opening of hunting season, except in 
1943 and 1950 when trapping was 
stopped two and three weeks, re- 
spectively, before the opening of the 
season. The effect of the “fall shuffle” 
is believed to have been largely elim- 
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inated by conducting the trapping im- 
mediately prior to the hunting season. 

Live-trapping on 102 acres of wood- 
lots to secure an index to the Rose Lake 
squirrel population was begun in 1940. 
Allen (Michigan Fox Squirrel Manage- 
ment, Michigan Department of Conser- 
vation, 1-404, 1943) considered the 
method satisfactory on the basis of 
Rose Lake data secured from 1940 to 
1942. He expressed trapping success 
in terms of individual squirrels taken in 
the seven woodlots for these years. 
Trapping effort for each of these three 
years varied from approximately 1700 to 
2800 trap nights. Since then usable data 
have been based on efforts as low as 818 
trap nights. It became necessary, there- 
fore, to express trapping success m 
terms of a common denominator of 
effort for each year. In this paper, 
trapping success is expressed as total 
squirrel catch per 100 trap nights, 
similar to the measure used by Allen 
(op. cit.) in his Allegan County studies. 
Thus expressed, and compared with 
kill figures from 1940-52 (Fig. 1) little 
or no relationship exists between the 
two. In fact, an inverse relationship is 
noted from 1947 to 1951. 

A review of all data now seems to 
indicate that the annual kill is a more 
reliable indicator of the population 
trend than trapping success. Allen 
(op. cit.) noted disagreements between 
trends suggested by trapping success and 
by kill figures. He suggested that the 
date of the first killing frost was prob- 
ably the most important single con- 
dition influencing the kill and its value 
as an index. Late killing frosts, after the 
first full week of hunting, have occurred 
in 1941, 1949, and 1950. In those years 
22, 55, and 41 per cent, respectively, of 


Fic. 1.—Comparison of criteria for estimating 
fall fox squirrel population levels, Rose Lake, 
1940-1952. 


the Lincoln Index-estimated squirrel 
population was harvested. In 1940, 
1942, and 1946-51, when killing frosts 
occurred before hunting began, the 
annual squirrel harvest was never below 
37 per cent of the estimated population, 
and exceeded 55 per cent only in 1952 
when it was unusually cold during 
October and the season opened five 
days later than in other years. A kill of 
only 20 per cent of the estimated popula- 
tion in 1943 was very probably due to a 
sharp decrease in hunting pressure, 
resulting from restrictions on travel and 
ammunition. Hunting pressure during 
the squirrel season, which is concurrent 
with the pheasant season, is high. No 
annual figures on squirrel hunting 
pressure alone are available, but the 
heavy pressure on the central 800-acre 
block, from 121 to 220 gun hours per 
100 acres, appears to be sufficient to. 
insure a high harvest. 
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Since trapping-success data have not 
provided reliable pre-hunting informa- 
tion on population levels, some more 
dependable technique for making pre- 
hunting or mid-season estimates had to 
be found. Quite reliable figures seem to 
be available at the end of the first week 
of hunting by use of the Lincoln Index. 
Our method of using the Lincoln 
Index involved a period of trapping and 
banding of squirrels before the hunting 
season followed by a complete check of 
all animals shot on the trapped area 
throughout the 22-day season. Complete 
data are available to permit use of this 
technique from 1940-43 and 1946-52. 

All squirrels caught on the 800-acre 
study area during each pre-hunting 
trapping period were tagged and re- 
leased. This placed an_ identifiable 


sample in the population. A part of the 
total population, including part of the 
sample, was harvested during each 


hunting season. The relation between 
the harvest of the sample, the total 
harvest, and the total number of 
animals tagged provided a pre-hunting 
population estimate. Such an estimate 
has been calculated on the basis of 
data available at the end of the first 


week, second week, and at the end of the 
squirrel season for each year except 
1944 and 1945 when pre-season trapping 
was inadequate. 

Basic data for estimating the - fox 
squirrel population at the end of each 
week of the 1951 hunting season are 
presented in Table 1. Because the 
proportion of tagged animals remained 
fairly constant (about 41 per cent) in 
the total kill throughout the hunting 
period, the ca!culated population should 
be equally as constant. The calculated 
populations determined at weekly in- 
tervals during the hunting seasons from 
1940 through 1952 are presented graph- 
ically in Fig. 2. The rather broad spread 


~AETER 7 DAYS 
AFTER 14 DAYS 
—— AFTER 22 DAYS 


SQUIRRELS 


1940 4243 4546 47 49 
Fic. 2.—Fox squirrel populations calculated 


by the Lincoln Index method at weekly 
intervals, Rose Lake, 1940-1952. 


in the 1950 calculated populations 


Taste 1.—Pre-Huntine Trappine, Kitt & Squirret CENTRAL 
Area, Rose Lake, 1951 


Hunting 
Period 


Trapping 
Effort 


Calculated 
Pre-Hunting 
Population 


Tagged 
Return 


Tagged 
in Kill 


6.2 Squirrels 
per 100 
Trap Nights 


End of 
First Week 


36.2% 41.7% 166 


End of 


69 Squirrels Second Week 


42.0% 40.8% 169 


Tagged 
End of 
Season 


46.4% 41.6% 
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resulted from a small tagged sample. A 
well distributed pre-hunting tagged 
sample of at least 30 squirrels is believed 
to be necessary at Rose Lake in order 
to secure consistent estimates through- 
out the season. In 9 of the 11 years 
discussed, pre-season tagged squirrels 
made up at least 37 per cent of the 
total season’s kill. From 1941-43, and in 
1952, between 60 and 63 per cent of the 
kill had been tagged. In 1947 and 1950, 
18 and 8 per cent, respectively, of the 
bag had been tagged. The consistency 
of the proportion of tagged animals in 
the kill throughout the season permits 
the use of the Lincoln Index method 
with a high degree of confidence when 
the tagged sample is adequate. 

Trapping effort, as expressed by trap 
nights of operation, was suspected of 
influencing trapping success. An exam- 
ination of the data presented in Figure 1 
does not disclose any such influence. 
Hunting pressure was suspected of in- 
fluencing the kill from year to year. 
With the previously noted exception of 
1943, changes in hunting pressure were 
not consistently accompanied by corres- 
ponding changes in kill. The heavy 
pressure common to Rose Lake each 
year appears to be sufficient to insure 
a high harvest. 

It will be noted that the population 
level prior to 1944 was higher than that 
after 1945 (1950 excepted). All but one 
of the seven woodlots in the central area 
were in a moderately to heavily over- 
grazed condition at the time of purchase 
in 1938 and 1939. All had been cut 
over, some quite recently. Allen (op. cit.) 
found that grazed woodlots supported a 
higher population of fox squirrels than 
ungrazed woodlots. No pasturing has 
been permitted in the central area wood- 


lots since their acquisition. Reproduc- 
tion and ground cover have increased 
considerably. The change in handling 
the woodlots, although an approved 
woodlot-management procedure, may 
have had a depressing effect on the 
squirrel population. 

Data are at hand pertaining to 
calculated populations for six years 
(1946-1951) based on three months of 
trapping operations on the 800-acre 
area, and for four years (1948-1951) ona 
much larger area based on one and three 
months of trapping. The results show a 
close correlation between kill and calcu- 
lated populations and almost none 
between kill and trapping success. 

Further comment is pertinent to the 
amount of trapping necessary to intro- 
duce an adequate sample into the 
population prior to the harvest. From 
1946-51, pre-hunting populations of fox 
squirrels were calculated by the Lincoln 
Index method on the basis of trapping 
operations extending over a six-week 
period or less as well as operations 
covering a two- or three-month period 
before the hunting season. The longer 
trapping period resulted in calculated 
populations about 20 per cent higher in 
1947, 1948, and 1949, 8 per cent lower 
in 1946, and about 6 per cent higher in 
1950 and 1951. The significance of the 
differences shown is difficult to evaluate 
because a number of possible sources of 
population changes existed over the long 
period. These sources of change include 
natural mortality, population redistri- 
bution, and the increased ground activ- 
ity of late litters. The use of the gen- 
erally lower calculated population which 
results from the shorter trapping period 
may provide a useful margin of safety 
to ensure an adequate breeding stock on 


wt 
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special areas. Further, the additional 
work load in trapping in July, August, 
and September, for Lincoln Index data, 
was not warranted by the results. For 
example, summer trapping from 1948— 
51, although it added from 85 to 175 
per cent more trap nights to the pre- 
hunting trapping effort, produced only 
from 30 to 110 per cent more squirrels, 
and altered the calculated populations 
by only 6 to 20 per cent. 


SUMMARY 


Studies were carried out on an 800- 
acre area, including seven woodlots 
totaling 102 acres, on the Rose Lake 
Wildlife Experiment Station. 

The Lincoln Index method of calcu- 
lating pre-hunting populations of fox 
squirrels appears to be much more 
reliable in indicating yearly trends in 
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the population level than trapping 
success (total squirrels per 100 trap 
nights). Lincoln Index calculated popu- 
lations show a close correlation with 
annual kill, while trapping success shows 
virtually no relation with kill, and in 
fact, an inverse relationship is seen over 
a five-year period. Calculated popula- 
tions determined on the basis of one 
week’s hunting data are sufficiently 
near those determined on the basis of a 
full season’s data to permit their use 
where relaxation or restriction of the 
kill limits is possible in mid-season. Two 
weeks of intensive trapping just before 
hunting season seem to be sufficient to 
introduce an adequate tagged sample 
into the population for Lincoln Index 
purposes. 


Accepted for publication October 12, 1953. 


THE HUNGARIAN PARTRIDGE IN UTAH? 


Richard D. Porter 
Department of Zoology, University of Utah, Salt Lake City. 


Since 1948, Hungarian partridges 
(Perdix perdix perdix Linn.) have been 
reported from certain areas of Utah 
bordering Idaho and Nevada. Although 
a few introductions of this species had 
been previously made into the state, 
the reported birds are thought to have 
immigrated into Utah from southern 
Idaho and eastern Nevada. The present 
study was conducted to (1) determine 


1A contribution from Pittman-Robertson 
Research Project 37-R, Utah State Fish and 
Game Department; J. Perry Egan, Director, 
and R. L. Turpin, Pittman-Robertson Co- 
ordinator. 


the size and distribution of the Utah 
population of partridges, and (2) analyze 
environmental conditions in relation to 
life history so as to prognosticate the 
possible success of the species as a 
game bird in the state. The principal 
field work occupied the period between 
June 1, 1949, and February 1, 1951. 
Few if any studies have been made of 
Hungarian partridge in the northern 
desert shrub areas commonly found in 
Utah, Idaho, and Nevada. The work 
of Yocom (1943) and Knott, Ball, and 
Yocom (1943) concerned the partridge 
in the large wheat raising belt of eastern 
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Fie. 1. Summary of Hungarian partridge liberations and present distribution in Utah. The years 
of introductions, the numbers introduced, and the points and counties where introductions were 
made are shown. The source of introduction information is indicated as follows: (B) Utah State 
Fish and Game Dept. Biennial Reports, 1894-1950; (H) Hardy and Higgins (1940); (P) Popov 
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Washington. This paper is primarily 
concerned with the species in Utah 
where it appears to be adjusting to the 
desert shrub areas on the margin of its 
range. This peripheral area of adjust- 
ment is important when the environ- 
mental factors affecting this bird are 
considered. Because growth and devel- 
opment have been well worked by 
McCabe and Hawkins (1946), this 
phase has been considered only in as 
much as it pertained to partridges in 
this locality. 

This research was conducted under 
the supervision of William H. Behle 
of the University of Utah and Clifton M. 
Greenhalgh, Project Leader, Utah State 
Fish and Game Department, to both of 
whom I am particularly grateful. Angus 
M. Woodbury, Stephen D. Durrant, and 
Walter P. Cottam gave assistance in 
criticizing this manuscript. The follow- 
ing aided in the analysis of stomach 
contents: Seville Flowers, George F. 
Edmunds, Jr., Richard Selander, and 
Stanley Mulaik. Sherman J. Preece, 
Jr., and Robert C. Pendleton were 
helpful in the identification of many 
plants of the areas. 


History oF INTRODUCTION 


A shipment of 120 Hungarian part- 
ridges on November 11, 1911 is probably 
the first introduction into Utah. In the 
spring of 1912 they were distributed to 
seven counties, but exact localities are 
unknown. No record was kept of the 
age, sex, or condition of the birds. The 
Utah State Fish and Game Department 
Biennial Reports (1894-1950) indicate 


that for the first two years they did well 
in the counties of Sevier (near Anabella), 
Utah (near Provo River), Salt Lake, and 
Tooele. Figure 1 summarizes all liber- 
ations. 

In 1923 an additional 400 birds were 
introduced by the State Fish and Game 
Department, in Uintah and Utah Coun- 
ties. Of these introductions, only two 
colonies were left by 1928. 

Other introductions have been made 
in Utah by various organizations and 
individuals, but in most instances only 
small numbers of partridges were intro- 
duced into widely separated localities. 
These introductions were apparently 
short-lived as there have been no reports 
of long-time success. 

By 1940, all introductions were con- 
sidered unsuccessful (Utah Fish and 
Game Dept. 1938-1940). 


SouRCE OF PRESENT POPULATIONS 


It is unlikely that partridges now 
occurring in the state are decendants of 
the introduced stock. Instead, it appears 
that they have moved into Utah from 
the Snake River drainage of Idaho to 
the north and from Nevada to the west 
(Fig. 2). 

Since a high mountain range separates 
Cache and Rich Counties of Utah, and 
since partridges were first observed in 
Rich County about the time that they 
suddenly appeared elsewhere throughout 
the state, it is presumed that the popula- 
tions in Rich County came from south- 
eastern Idaho. Information from the 
Idaho Fish and Game Department 
shows that between 1939 and 1942, 


and Low (1953); (W) Woodbury, et al. (1948). The black triangles indicate study areas; the larger 
round dots populations observed by author; the smaller round dots reported populations; and 
the squares indicate known areas of introduction. 
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Fic. 2.—Range of the Hungarian partridge 

: in Western North America, modified from 

i Yocom (1943) with information acquired 

é from California and Nevada Fish and Game 
Commissions. 


924 partridges were trapped from north- 

ern Idaho and planted in the south- 

eastern part of the state. One-hundred- 

fifty of 378 birds trapped in 1941-42 

were released at Montpelier. In the 

fall of 1945 or 1946, three or four years 

later, a covey of partridges was re- 

ported at Randolph, Rich County, 

Utah, nearly forty-five miles from the 

release site in Bear Lake County, Idaho. 

It may be concluded that they spread 

into Rich County at the rate of nearly 

3 to 11 miles per year. This is relatively 

slow when compared with the twenty- 

eight miles per year in Canada reported 

by Leopold (1933). This is the only 
ans indication of rate of spread into Utah. 

Partridge populations in Box Elder 
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County undoubtedly came from both 
Idaho and Nevada, while those in 
Tooele and Juab Counties probably 
came from Nevada. The birds in Cache 
County probably emigrated from Box 
Elder County, since Cache County is 
separated from the Plymouth-Portage 
area of Box Elder County by low 
mountains, and is also connected with 
Box Elder County by a pass at Cutler 
Dam. In addition, partridges were not 
observed in Cache County until 1948, 
which is approximately when they were 
first seen in eastern Box Elder County. 
When considering the low altitude of 
the terrain separating these two coun- 
ties and the fact that grain is grown 
from the foothills to the mountain top 
on the Box Elder side, it seems likely 
that these birds were able to cross into 
Cache Valley. 

Information from local residents in 
areas of partridge populations concern- 
ing the first appearances of these birds 
in various localities of Utah indicates 
that they spread southward into Utah, 
first by Leopold’s (1940) ‘“outpost”’ 
type of spread, and then amalgamated 
with the main population, which moved 
forward to meet it, by the “salient” 
type of spread (Table 1). One rancher 
reported the first appearance of these 
birds in Box Elder County at Junction 
Valley about 1936. The annual climatic 
data for Utah indicate that the winter 
of 1936-37 was one of the most severe 
in forty years. In 1940 partridges were 
seen in Utah at Standrod, Goose Creek 
by local inhabitants, and at Pilot 
Mountain where Popov and Low (1953) 
reported that members of the Box Elder 
Wildlife Federation observed seventy- 
five birds. The weather data for 1939— 
40-41 give an indication of a severe 
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TABLE 1.—DistTrispuTion, ABUNDANCE, AND Date or First OccURRENCE OF PARTRIDGES 
IMMIGRATING INTO UTAH 


Estimated Arrival Population estimates 
County total population Locality 1st observation 1949 1950 
1949 1950 Year Season No. Observer No. Observer 
Rich *** 30 Woodruff 1946 = Fail Eastman 
Randolph 1945 Fall 30 Tingey 
Cache 50 Smithfield 1949 Fall 50* 
Trenton Hill 1948 Fall 
Box Elder 1,639 3,720 Portage 1948 Winter 20 J. Conley 
Park Valley 1945 Fall 100* 500 Anderson 
Rosette 1946 J. Kunzler 
Clear Creek 200* 
Standrod 1940 Summer 239* 250* 
Yost 50* 
Washakie 1950 Summer L. Mason 
Snowville 200* 
Junction 1936 Spring 500* 200 Nelson 
Grouse Creek 1944 Summer 200 Richens 2000 Richens 
Meadow Crk. 1945 Fall 500 Iverson 
Goose Creek 1940 Spring 150 Cobb 
Pilot Mtn. 1945 Spring 250 McKellar 
Pilot Mtn. 1940 
Tooele 700 Ibapah 1945 1000 Boyd 
Tbapah 400 Lee 
Ibapah 700* 
Juab 300 Callao 1947 Fall 200 Tripp 
Trout Creek 1945 100 McMillan 


State of Utah 1,639 4,800 


* Populations estimated by author. 


** Observations by the Box Elder Wildlife Federation. 
*** The population estimates for Rich County increased to 200 by 1951. 


winter with heavy snow during Janu- 
ary and February of 1939. The latter 
part of December 1940 and January 
1941 was wet, cold, and stormy. 
Sometime during 1945 and 1946 
Hungarian partridges suddenly moved 
into all areas of their present range, 
except eastern Box Elder and Cache 
Counties where they were first seen 


during the severe winter of 1948-49. 
The winters of 1944-45 and 1945-46 
were severe with heavy snows which 
necessitated supplementary feeding of 
sheep and livestock. This indicates that 
the movements into Utah during this 
time may have been the result of the 
bad winters that occurred from 1944 to 
1946. 
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DISTRIBUTION AND ABUNDANCE 


Hungarian partridges are confined 
rather closely to the outer periphery of 
the state. The counties of Box Elder, 
Tooele, and Juab have fairly well 
established populations, while in Rich 
and Cache Counties, populations are 
extremely small. These small popula- 
tions may be explained by: (1) immigra- 
tions which may have been too recent 
for large populations to build up, or 
(2) the environmental conditions in 
these counties which may not be 
favorable. Only in Cache County has 
immigration been so recent that dense 
populations could not exist at present if 
all of the conditions were favorable for 
partridges (Table 1). The Great Salt 
Lake and Great Salt Lake Desert appear 
to limit expansion in a southerly and 
easterly direction in northwestern Box 
Elder County and easterly in Tooele 
and Juab Counties. Mountain ranges 


appear to limit it in Cache and Rich 
Counties (Fig. 1). 


Some of the highest concentrations 
of Hungarian partridges in Utah are in 
areas where alfalfa, wild hay, and grain 
are grown on either side of streams. 
These crops are grown on each side of 
the Grouse, Goose, Junction, and Deep 
creeks (Figs. 3 and 4). Sagebrush 
(Artemtsia tridentata) adjoins these 
crops. Areas of this type may prove to 
be the natural expansion routes along 
which the partridges have immigrated 
into Utah from Idaho. 


In 1949 there were approximately 
twenty coveys at Standrod which means 
that during the spring of 1949 there was 
approximately one bird for every 155 
acres. This is a low density. Yeatter 
(1934) reported in Michigan a density of 


Fic. 3.—Utah portion of Goose Creek, showing 
sagebrush growing adjacent to wild hay. 


Fic. 4.—Typical Hungarian partridge habitat 

at Standrod. Big sagebrush and rabbitbrush 

in the foreground and the Raft River Moun- 
tains in the background. 


13.1 birds per hundred acres (1 bird 
per 7.6 acres). In England and Canada 
there is a high density of one bird per 
two acres (McCabe and Hawkins, 1946). 
It is doubtful if there is any area in the 
state supporting a denser population 
than that at Standrod. Populations 
appeared to increase in 1950 over those 
in 1949 which is likely a result of the 
mild winter of 1949-50 as compared with 
the severe winter of 1948-49. Reports 
from wardens in Rich County and from 
ranchers in Ibapah, Tooele County; 
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Trout Creek, Juab County; and Stand- 
rod, Box Elder County indicate a con- 
siderable increase in the populations of 
these areas during the summer of 1951. 
Although information is still incomplete, 
the indications are that the severe 
winter of 1951-52 decreased the num- 
bers of partridges. Populations are 
summarized in Table 1. 

In Utah partridges range between 
4,300 (Snowville) and 8,000 feet (a fall 
covey at Standrod) and are most 
commonly found between 5,000 
(Ibapah) and 6,000 feet (Standrod). 
During the fall they may move into 
higher and drier areas. 


HABITAT 


Standrod, Box Elder County, on the 
foothills of the Raft River Mountains, 
was the study area during 1949. This 


area comprised about 6,000 acres of 
farmland, grazingland, and wasteland, 
at an elevation of 6000 feet. The 
Ibapah, Tooele County study area, 
used in 1950, is located on the foothills 
and in the valleys west of the Deep 
Creek Mountains, and comprised about 
15,000 acres at an elevation of 5300 feet. 

Both areas contain desert vegetation 
such as greasewood (Sarcobatus vermi- 
culatus), shadscale (Atriplex conferti- 
folia), big sagebrush (Artemisia triden- 
tata), black sagebrush (Artemisia nova), 
rabbitbrush (Chrysothamnus sp.) wild 
rye grass (Elymus canadensis), willows 
(Salix sp.), and rose thickets (Rosa sp.). 
Pigmy conifers occur on the higher foot- 
hills of both mountain ranges. At 
Ibapah, greasewood and shadscale are 
more common and serviceberry (Amel- 
anchier utahensis) and snowberry (Sym- 


TABLE 2.—Lanp Use IN THE STANDROD AND IBAPAH Stupy AREAS 


Standrod 
Acres Per cent 


Ibapah 
Acres Per cent 


Native pasture and range 
Other non-cropland 


2.90 
-84 


COON 


-01 
1.10 


1,145.0 


13,217.0 
36.0 


1,955.0 
13,253.0 


15,208.0 


Be 
‘ing 
itat Farmland: 
er 62.0 80.0 .52 
ns Non-farmland: 
se 2,438.0 39.3 86.88 
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phoricarpos sp.) appear to be less 
common at lower elevations than at 
Standrod. 

Local land use is chiefly grazing. 
Consequently, much alfalfa, grain and 
wild hay are raised (Table 2). 

In western North America, the Hun- 
garian partridge shows a distinct pref- 
erence for grain and hay fields, while in 
the Great Lakes region it thrives in 
areas of intensive agriculture (Yeatter, 
1934). In Utah, where only 19.6 per cent 
of the land acreage is in farms, crop- 
land, and bordering grazingland, and 
only 2 per cent in hay and small grains 
there does not appear to be extensive 
habitat for partridges. 

Of established partridge range in 
Utah, Box Elder County, which has the 
largest Hungarian partridge popula- 
tion, also has a larger percentage of its 
area in suitable crops (4.6 per cent hay 
and grain and 32.2 per cent in farm- 
land). This is low when compared to the 
areas of high partridge density of 
Whitman County, Washington (Yo- 
com, 1943) where farmland comprises 
97.3 per cent of the total land area. In 
Tooele County, Utah, only 5 per cent 
of the land area is in farms and only 
.46 per cent of this is in hay and grain. 

In 1945 the average size of farms for 
Box Elder County was 687 acres, for 
Tooele County 631, and for Ibapah 
692. In Whitman County, Washington 
the average farm size was 533 (Yocom, 
1943). Westerskov (1949) believes that 
large farms are unfavorable for par- 
tridges. He compared the 91 acres 
average farm size of Ohio with the 37 
acres average farm size of Denmark. In 
areas of partridge habitat in Utah, 
farms have large expanses of one-type 


crops. 


Warer: At no time were partridges 
observed much more than one half- 
mile from water. None of the twenty- 
seven ranchers contacted reported par- 
tridges more than one mile from water. 
The greatest distances were observed 
during late summer and fall. Yeatter 
(1934) believes that partridges meet 
their water requirements by utilizing 
dew and succulent foods. This study 
would appear to indicate, however, that 
partridges require free water in these 
dry desert areas of Utah where dew is 
unavailable. 

During the summer of 1949 partridges 
were observed at varying distances up to 
2,000 feet from water, with an average of 
365 feet. During the following nesting 
season of 1950 the distance ranged up to 
500 feet, with an average of 241 feet. 
The post-nesting season of 1950 showed 
a minimum of 25 feet, maximum of 700 
feet, and an average of 255 feet. The 
closest nest to water was 20 feet; the 
furthermost was 1,375 feet, while the 
average nest was 546 feet from water. 


PREFERRED Cover Types: At Standrod 
partridges with broods were most fre- 
quently seen in alfalfa (Medicago sativa), 
big sagebrush, rabbitbrush, and wild 
hay. Of thirty-four flushing records in 
1949, fifteen were from temporary cover 
and nineteen from permanent cover. Of 
twenty-five recorded landings in 1949, 
twelve were in temporary cover and 
thirteen in permanent cover. This 
would appear to indicate no great 
preference for either permanent or 
temporary cover. 

The 1950 study, however, indicated a 
definite preference for temporary cover 
after the hatching season (July, August, 
and September). This liking for tempor- 
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ary cover was indicated by both the Of twenty-seven recorded flushings and 
plant types from which the birds were landings of partridges during this time, 
flushed and those in which they landed. seven were from permanent cover and 


TasBLeE 3.—VoLuUME AND NuMBER OF OccURRENCES OF Foop Items Founp HUNGARIAN 
ParrripGE SToMACHS AND Crops IN Utan Durine 1949-50. (Ercnt Curcxs, Six JUVENILEs, 


One ADULT) 
Number of Per cent 
stomachs in of total 
Food Items which found food 
Chicks Juveniles Adults Chicks Juveniles Adults 
rer 8 6 1 53.2 5.6 tr. 
Nabidae—damsel bugs....... ‘1 tr. 
Lygaeidae—chinch bugs 
Oncopeltus fasciatus........ 1 tr. 
Cicadellidae—leafhopper...... 4 2 tr. tr. 
Aphididae—aphids........... 4 3 tr. .61 
Fulgoridae—fulgorid bugs ... . 1 tr. 
Formicidae—ants............ 7 6 1 12.4 61 tr 
Elateridae—click beetles...... 2 tr. 
Anthicidae—anthicid beetles 
5 1 tr tr. 
Chrysomelidae—leaf beetle 
4 1 tr. tr. 
Curculionidae—snout beetles . 8 2 tr. tr. 
Lepidoptera larvae........... 5 1 40.8 4.38 
Lepidoptera—unidentified. . . . 1 tr. 
Spiders—unidentified......... 2 tr. 
Linyphiidae—spider 
2 1 tr tr 
Vegetable Foods:.............. 7 6 1 tr. 56.15 45.0 
Agropyron pauciflorum— 
Hordeum vulgare—barley seed 1 3.07 
Triticum aestivum—wheat seed 3 43.8 
Grass seeds—unidentified.... . 4 tr. 
Rumezx sp.—dock seed........ 3 tr. 
Polygonum sp.—buckwheat 
2 1 tr 4.5 
Amaranthus retroflecus— 
pigweed seed.............. 2 3 1 tr. 3.7 tr 
Melilotus sp.—clover seed..... 1 3 tr. tr. 
Medicago sativa—alfalfa seed. . 1 tr. 
Taraxacum officinale— 
dandelion achenes.......... + 5 1 tr. 4.38 tr. 
Unidentified food materials 


6 1 46.8 38.25 '55.5 


4 


| 
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twenty from temporary cover. The 
preferred temporary cover in which they 
landed consisted of Russian thistle and 
orchard grass (Dactylis glomerata), while 
that of flushing was alfalfa. The per- 
manent cover consisted of wild rye 
grass, big sagebrush, rabbitbrush, snow- 
berry, squawbush (Rhus trilobata), elder- 
berry (Sambucus sp.) and shadscale. 


Foop Hasits 


The analysis of food contents of 
crops and stomachs of fifteen partridges 
(one adult, six juveniles, eight chicks) 
taken from Standrod (14 stomachs) and 
Ibapah (one stomach) between June 
17 and August 13, are summarized in 
Table 3. 

Ants, which were found in all stom- 
achs examined with the exception of 
that of one chick, were one of the more 
important food items. Lepidoptera lar- 
vae, although observed in only six 
stomachs (five chicks, one juvenile) 
represented the greatest animal food 
item in volume for both chicks and 
juvenile birds. One half of the stomachs 
of chicks and juvenile birds contained 
aphids. Of the plant foods, dandelion 
achenes and seeds from pigweed were 
present in stomachs of juvenile birds. 
In volume, the most important plant 
food items of adult and juvenile birds 
were wheat (one adult) and wheat 


grass (two juveniles, one adult). Buck- ° 


wheat and barley were found in smaller 
volumes. 


Crop Damace: In Utah this species is 
more beneficial than destructive to farm 
crops. Only two cases of crop damage 
have been reported. One rancher at 
Rosette, Box Elder County reported 
that partridges were destructive to 


cabbage in his garden. Another at 
Ibapah stated that this bird damaged 
his potato crop. In Utah extensive crop 
damage by partridges is unlikely as the 
principal crops in partridge habitat are 
hay and grain. 


NESTING 


In early spring as weather warms and 
snow melts, coveys become less compact, 
tending to break into pairs. If the 
weather turns stormy, the birds form 
loosely-knit coveys until the weather 
moderates. The earliest known pairing 
was in the latter part of January, 1950. 
The latest known regrouping was on 
May 15, 1950, following a snowstorm at 
Trout Creek where a covey of twelve 
partridges was seen. 

The peak of hatching during 1949 
(June 22 — July 7) was a week later than 
in 1950 (June 15-21). During the two 
years most of the hatching occurred from 
June 15 to July 7. The earliest hatching 
date was near the 13th of May, while the 
latest hatching date was on the 27th of 
July. The majority of these data were 
collected in Box Elder County. In Wash- 
ington, Yocom (1943) found the peak of 
hatching to be during the first two weeks 
in June. In Wisconsin, McCabe and 
Hawkins (1946) found it to be July 1. 


Nestine Cover: Of eight nests located 
or reported, six were in permanent 
cover (big sagebrush, rabbitbrush, 
greasewood, wild rye grass, and near 
snowberry) adjoining hayfields, alfalfa 
fields, and pastures, and two in tem- 
porary cover (wild oat hayfield and 
barley field). Although alfalfa and 
hayfields were searched more thoroughly 
for nests than areas of native vegetation, 
most nests were found in big sagebrush, 
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rabbitbrush, and greasewood, indicating 
that in Utah, partridges prefer native 
vegetation for nesting. The range in 
Utah being at high elevations, tem- 
porary cover has not grown tall enough 
to provide cover at the time nesting 
sites are chosen. By using McCabe’s and 
Hawkins’ (op. cit.) method of deter- 
mining nesting phenology, considering 
an average of 15 eggs per nest and using 
the summation of nesting peaks for 
1949 and 1950, it was found that the 
peak of nest site selection was be- 
tween May 13 and 21. The hay and 
grain at Standrod averaged only six 
inches in height on May 17, 1950, and 
could not have been high enough to 
yield cover at that time. Eggs from a 
destroyed nest in wild oats were placed 
in an incubator and hatched on July 
27. This was undoubtedly a second 
nesting attempt and by this time wild 
hay was high enough and dense enough 
to furnish good nesting cover. McCabe 
and Hawkins (op. cit.) indicated that it 
is not plant species that determines nest 
selection, but rather the density of the 
cover at the time of selection. Since 
desert shrubs seldom become dense, 
lack of dense cover for nesting may be an 
important factor affecting the nesting 
of partridges in Utah. 

Most nests in this study were located 
in narrow strips of permanent cover that 
were adjacent to temporary cover. The 
nests found in permanent cover averaged 
28 feet from temporary cover. This 
permanent cover was close enough for 
the adults to move their young into 
hay and alfalfa fields for food. Hayfield 
mortalities recorded during the summer 
of 1949 were probably due to the broods 
having been taken to hayfields where 
cover was thicker and food more 
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abundant than in areas of desert shrub. 
The nests found in temporary cover 
averaged about 120 feet from permanent 
cover. The average height of nesting 
cover during 1950 was about 31 inches. 

It is thought that partridges may nest 
far from cultivated fields if water is 
available. During the nesting season 
of 1950, one pair was observed in a 
canyon about five miles from hay or 
grain fields. The chief vegetation of this 
canyon was big sagebrush, black sage- 
brush, rabbitbrush, elderberry, and wild 
rye grass. Green grass was available 
along banks of a near-by creek. 


Nest Construction: Nests, when lo- 
cated in permanent cover, were generally 
located at the base of the brush. A 
hole, three to four inches deep and 
approximately ten inches in diameter is 
lined with dried leaves and bark from 
greasewood. Coarser materials, such as 
small sticks are placed above this layer 
of dried leaves and bark. Small twigs 
from the tumbling mustard (Sisym- 
brium altissimum), cheat grass (Bromus 
tectorum), pepper grass (Lepidiwm per- 
foliatum), and bark from greasewood are 
used as lining. The hayfield nest was 
shallower (two inches deep), smaller in 
diameter and was composed of straw 
from wild oats and grasses. 


Nestine Success: Of the eight nests, 
three hatched successfully, three were 
deserted, one was stepped on by a 
horse, and for one the outcome was un- 
determined. 


Covey Size: During 1949-50 coveys 
averaged about fourteen birds (Table 4). 
With the exception of Ibapah records in 
August, 1950, the numbers of adults 
and young and covey sizes remained 
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Tasie 4.—SumMaAry or ParrripGe Covey Sizes AND Ratio or YounG To ADULTS IN 


1949-50 
Standrod Tbapah Tbapah Box Elder County 
1949 July 1950 August 1950 September 1950 
20 coveys 8 coveys 8 coveys 5 coveys 
Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 
Size of covey...... 5 14.8 20 1 14.6 39 1 10.6 25 8 14.4 23 
Number of young 
per covey...... 3 13.2 18 #O 123.6 38° 0 93 2 6 13.32 @ 
Number of adults 
per covey...... 1 1.9 3 1 2 4 2 2.2 4 2 2.2 3 
Ratio of young.... 5.1 young: 6 young: 4.1 young: 5.5 young: 
to adults....... 1 adult 1 adult 1 adult 1 adult 


* Represents two coveys combined containing 4 adults. 


about the same. The cause of the sharp 
decrease in number of young at Ibapah 
for August is not known. The coveys 
containing over twenty birds are un- 
doubtedly the result of two or more 
coveys combining. 

After about August or September 
coveys of partridges are not generally 
considered to be true family groups 
(Yocom, 1943), because they apparently 
combine at that time. On December 27, 
1949, a covey of thirty birds was ob- 
served at Park Valley, and on Septem- 
ber 4, 1950, a covey of twenty-three 
birds was observed there. In addition, 
winter flocks containing as many as 
seventy-five birds have been reported. 


Mortauitry Factors 


Farming operations, especially mow- 
ing, were probably responsible for 
greater mortality than any other single 
factor. In 1949 at Standrod, the mowing 
season coincided with the growing 
season of young partridges. Eight young 
and two adults were known to have been 
killed by mowing machines. Dogs were 
known to have killed one chick during 


mowing operations and one adult which 
burrowed beneath the snow. One 
partridge escaped from a muskrat trap 
with one leg missing. Another was killed 
when it flew into a wire fence. Juvenile 
partridges scatter when flushed and 
refuse to fly a second time. This caused 
one to be killed when it was stepped on 
by a horse. 

At Standrod, during the spring of 
1950, nests of a red-tailed hawk, a 
Swainson’s hawk, a ferruginous rough- 
legged hawk, a golden eagle and a 
marsh hawk were visited periodically to 
determine possible predation on 
partridges. In addition pellets from 
beneath two horned owl nests and a 
long-eared owl roost were analyzed for 
partridge remains. On June 17, 1950, 
the nest of a Swainson’s hawk contained 
two partridge chicks which were only 
two or three days old. This hawk is a 
late nester, the young leaving the nest 
after the peak of partridge hatching. 
Thus, for this hawk the predation 
pressure on partridge -chicks appears to 
be greater than for earlier nesting 


species. 
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WINTER Mortatity: Deep winter snows 
appear to have much to do with limiting 
partridge populations. The winter of 
1948 was one of the most severe winters 
on record in Utah. Many of the ranchers 
consulted reported a high mortality 
during the winter and a marked decrease 
in the numbers of partridges in the 
spring of 1949 over the numbers 
observed in 1948. Since this severe 
winter of 1948-49, populations of 
partridges made a remarkable recovery 
throughout partridge range in the state. 
However, according to Mr. Clifton M. 
Greenhalgh, of the Utah State Fish and 
Game Department, the extremely severe 
winter of 1951-52 took a large toll of 
partridges, thus again limiting their 
increase in the state. 


Cumatic Factors In RANGE 
DETERMINATION 


Climate plays an important part in 
the establishment of an introduced 
species into new habitat. Twomey 
(1936) has shown that it may be possible 
to predict the success of an introduction 
by the use of a hythergraph (climo- 
graph), which depicts the temperature 
and precipitation of an area by months. 
The hythergraph of the native habitat 
of a species, constructed by plotting 
the mean monthly rainfall and temper- 
ature over a long period, yields valuable 
information when compared with a 
similar chart of the area of introduction. 
A line drawn about the extremes of the 
points on the graph yields a figure 
representing the conditions within the 
native habitat to which the species is 
adapted. If a hythergraph of the study 
area falls within the figure representing 
conditions of native habitat, it appears 
likely in terms of temperature and pre- 


cipitation, that the locality in question 
might be favorable. If it falls outside of 
this polygon, failure is likely (Cahn, 
1938). 

Twomey (loc. cit.) made hythergraphic 
comparisons of localities where Hungar- 
ian partridge introductions have met 
with failure. The graph fell outside the 
European graph during the summer 
period of chick growth in those sections 
where partridge introductions failed. In 
sections of successful introduction, it 
fell within the European graph during 
this critical period. 

A similar comparison by McCabe and 
Hawkins (1946) for Edmonton, Alberta, 
Canada, where a high partridge popula- 
tion exists (Fig. 5) showed that during 
the critical growth period of the young, 
the hythergraph did not exceed the 
European limits. The lower extremes, 
however, fell far below these limits. 
From this it would appear that the 
lower extremes of temperature during 
the winter are tolerated by the adults. A 
hythergraph of Whitman County, 
Washington, which according to Yocom 
(1943) has a high partridge density, fell 
within the European limits. 

Hythergraphs for both Standrod and 
Ibapah also fell within the European 
polygon (Fig. 5). In Woodruff the 
hythergraph exceeded the European 
limits only during the winter months 
(Fig. 6). From this comparison, it seems 
that temperature and precipitation may 
not be regarded as limiting factors in 
these areas. Hythergraphs of three Box 
Elder County communities, Tremonton, 
Park Valley and Kelton, however, show 
the portions of the graphs representing 
the critical months (July and August) 
for the rearing of chicks, to be outside 
the European limits. The hythergraph 
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of Snowville, Box Elder County, lies 
well within the limits except during 
July when it projects slightly outside. 
This area has an extremely small popula- 
tion. McCabe and Hawkins (op. cit.) 
have shown that areas such as Wis- 
consin, Michigan, and Ohio have the 
graphs for the critical months of July 
and August slightly extending outside 
the European limits. According to 
McCabe and Hawkins, these three 
states have established populations 
which are existing at a low level. 
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Fic. 5.—Hythergraphic comparisons of Stand- 

rod and Ibapah with Edmonton, Alberta, 

Canada, and Colfax, Washington. Dashed 

lines indicate the study areas; solid lines the 
European optimum. 
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Fia. 6.—Hythergraphic comparisons of five 

areas within or adjacent to partridge range in 

Utah. Dashed lines indicate the study areas, 
solid lines European optimum. 


Since neither rainfall nor temperature 
could be considered responsible for low 
populations of partridges at Standrod 
and Ibapah, snowfall comparisons were 
made between the two study areas and 
Edmonton, Alberta, Canada and Colfax, 
Washington. The annual snowfall at 
Standrod and Ibapah is considerably 
greater than for areas of partridge 
habitat in Washington and Canada. 
This is undoubtedly because it snows 
over a longer period of time in the Utah 
areas. This would seem to indicate that 
the winter snowfall at Standrod and 
Ibapah might be responsible for the 
relatively low population of partridges 
in these two areas. Although the annual 
snowfall for Woodruff, Rich County 
compares favorably with Edmonton as 
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does the hythergraph, the snow falls due to the great amount of marshy 
over a longer period of time, which pastureland found there. 

might be partially responsible for the The hythergraphs and snowfall com- 
low populations there (Fig. 7). In parisons drawn for most sections of 
addition, it is also thought that these partridge range in Utah (except Wood- 
low populations in Rich County are ruff), indicated that a decrease in 
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Fic. 7.—Comparisons of monthly mean snowfall for four partridge areas of Utah with Ed- 


monton, Alberta, Canada and Colfax, Washington. Dashed lines are for Edmonton, solid 
lines for Colfax, and dotted lines for local areas. 
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temperature generally brought about an 
increase in snowfall, and vice versa. Like- 
wise, an increase in altitude should give 
the cool summers necessary for optimum 
partridge populations, but it also brings 
deep winter snows which limit these 
populations. 

The summer precipitation at Stand- 
rod and Ibapah comes in the form of 
heavy showers. Westerskov (1949) con- 
siders heavy showers during the summer 
months as detrimental to partridges. 


SUMMARY 


1. Over 650 partridges have been 
released into nine counties of Utah 
since the first known introductions in 
1912 to the present time without any 
apparent success. The present popula- 
tion of partridges in Utah appar- 
ently moved in from Nevada and the 
Snake River drainage of Idaho, spread- 
ing into five counties of Utah which 
border these two states. Of these five 
counties Box Elder and Tooele Counties 
have the largest and most extensive 
populations. The populations of par- 
tridges in northern Utah are pocketed 
in those areas where conditions of 
climate, cover, food, and soil are most 
suitable to its survival. 

2. The study areas of Standrod, Box 
Elder County and Ibapah, Tooele 
County showed a remarkable similarity 
in their environmental conditions; hay, 
grain, and alfalfa being the predominant 
crops, while sagebrush, greasewood, 
rabbitbrush, and shadscale are the 
chief components of the native vegeta- 
tion. Partridge habitat in Utah is 
sparse. Box Elder County, which has the 
largest percentage of its land acreage in 
farms, has the largest population of 
partridges in Utah. Farm sizes for 


Tooele (631 acres) and Box Elder 
(687 acres) Counties are large. 

3. Free water appears to be a require- 
ment of partridges in the dry desert 
areas of Utah. Ants, Lepidoptera larvae 
and aphids appeared to be the more 
important animal food items found in 
the stomachs of the birds examined. 
Wheat grass, wheat, buckwheat and 
barley seemed to be the most important 
plant foods present. 

4. The hatching peak was reached 
June 22 — July 7, in 1949 and a week 
earlier in 1950 which coincided closely 
with the mowing seasons for the same 
years. For nesting, partridges seem to 
prefer permanent cover (native brush 
and shrubs) located adjacent to tem- 
porary cover. Hayfield mortality in 
1949 was likely due to the adult birds 
moving their young into hayfields for 
food and cover. Native vegetation was 
used for nesting because hay, alfalfa, 
and grain were not dense enough when 
nesting sites were chosen. After the 
nesting season temporary cover was 
preferred. Farming operations were re- 
sponsible for most known nest destruc- 
tion. For both 1949-50 covey sizes 
averaged about 14 birds, except for 
Ibapah where in August, 1950, the 
average was only 10.6 birds. As many as 
75 birds have been observed in one 
winter flock. 

5. Farming practices and severe win- 
ters are the two most critical mortality 
factors affecting the partridges. Cli- 
mate, with the exception of deep winter 
snows, appears to be optimum in both 
the study areas. Partridges in Utah 
encounter greater snowfall than they 
do at Edmonton, Alberta, Canada and 
Colfax, Washington. Hythergraphic 
comparisons indicated that in most 
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other areas of Utah, high temperatures 
during June and July are critical. 
Summer rainfall in the form of heavy 
showers occurring in Utah may be 
detrimental to partridges. Thus cli- 
mate, topography, and farming practices 
are the chief factors limiting the in- 
crease of partridges in Utah. 


LITERATURE CITED 


Caun, A. R. 1938. A climographic analysis of 
the problem of introducing three exotic 
game birds into the Tennessee valley and 
vicinity. Trans. N. Amer. Wildl. Conf., 
3: 807-817. 

Harpy, R. and H. G. Hiaerns. 1940. An 
annotated check-list of the birds of Wash- 
ington County, Utah. Utah Acad. Arts. 
Sci. and Letters, 17: 95-111. 

Knorr, N. P., C. C. Batt and C. F. Yocom. 
1943. Nesting of the Hungarian partridge 
and ring-necked pheasant in Whitman 
County, Washington. Jour. Wildl. Mgt., 
7: 283-291. 

Lzorpotp, A. 1933. Game management. 
New York; Chas. Scribner’s Sons. 481 pp. 


1940. Spread of the Hungairan 


partridge in Wisconsin. Trans. Wis. 
Acad. Sci., Arts, Letters., 32: 5-28. 

McCasgz, R. and A. S. Hawkins. 1946. The 
Hungarian partridge in Wisconsin. Amer. 
Midi. Nat., 36: 1-75. 

Popov, B. H. and J. B. Low. (1953). Game, fur 
animals and fish introductions into Utah. 
Utah State Dept. Fish and Game, Misc. 
Publ. No. 4., III + 85. 

Twomey, A. C. 1936. Climographic studies of 
certain introduced and migratory birds. 
Ecology, 17: 124-125. 

Srate anp Game Dept. BrenniaAL 
Reports, 1894-1950. 

Westerskov, K. 1949. The recent decline of 
Hungarian partridge. Ohio Conserv. Bull., 
13: 20-21. 

Woopsury, A. M., C. Corram and J. W. 
Suepen. (1948). Birds of Utah. Un- 
published manuscript. 

Yeatrer, R. E. 1934. The Hungarian par- 
tridge in the Great Lakes Region. Mich. 
Univ., School Forestry and Conserv. 
Bull. 5, 1 + 92. 

Yocom, C. F. 1943. The Hungarian partridge, 
Perdizx perdiz Linn. in the Palouse region 
of Washington. Ecol. Monog., 13: 167-202. 


Accepted for publication October 12, 1953. 


METHODS OF TRAPPING WOODCOCKS ON THEIR 
BREEDING GROUNDS’? 


William G. Sheldon 
Massachusetts Cooperative Wildlife Research Unit, Amherst, Mass. 


Mendall and Aldous (1943) thorough- 
ly reviewed known methods of captur- 
ing American woodeocks. Since this 
publication, the writer has conducted 
intensive research on woodcocks in 


1A contribution of the Massachusetts Coop- 
erative Wildlife Research Unit supported by 
the U.S. Fish and Wildlife Service, the Uni- 
versity of Massachusetts, the Massachusetts 
Division of Fisheries and Game and the Wild- 
life Management Institute. 


Massachusetts, and experimented with 
several methods of capturing these 
birds. Data collected on recaptured, 
banded birds have yielded information 
basic to management of this species 
(Sheldon, 1953). 


Massacuusetts Woopcock Trap 


Norris, Beule and Studholme (1940) 
described a trap developed in Penn- 
sylvania to capture singing male birds 
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attracted by a mounted woodcock sim- 
ulating a female. This was a manually 
operated trap. Birds which lit beside 
the decoy, but not directly on it, could 
not be captured, and some were lost 
because the action was too slow. The 
writer developed a_butterfly-shaped 
trap on the same principle in 1949. The 
major improvement in the Massa- 
chusetts trap is its automatic action, 
thus making it possible for one operator 
to set several traps at different singing 
grounds the same evening. The action 
is extremely fast. In addition, the pan is 
large enough to capture birds on blind 
sets when no decoy is present. One 
advantage of a blind set is that females 
are often captured. 

The mechanical parts, specifications, 
size and appearance are shown in 


WOODCOCK TRAP 


Figs. 1 and 2.—Specifications for Woodcock Trap 
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Figures 1 and 2. The measurements 
need not be exactly as indicated. 

Traps used by the Massachusetts 
Cooperative Wildlife Research Unit 
made a total of 601 woodcock captures 
during four seasons of operation, 1950-— 
1953. Of these, 456 were attracted by a 
decoy, and the balance were captured in 
blind traps. Of the former number, at 
least 75 were captured in blind traps 
set close to traps holding decoys. 

A large number of records indicated 
that most birds sufficiently interested in 
a decoy could be repeatedly caught. The 
behavior of males in the presence of 
decoys was similar in most respects to 
the account of Norris, Beule and 
Studholme (1940). 


If one defines a trap night as one or 
more traps set on one singing field 
baited with a decoy on the evening 
flight, but left blind for the dawn flight, 
trap night success was approximately 
one capture per 4 trap nights. Although 
exact figures could be calculated for 
success, these would be misleading since 
many variables which are not measur- 
able, affect trapping success. These 
include weather, location of trap site 
and individual skill. In addition, some 
males present on the singing field failed 
to be attracted by a decoy. In 1951, for 
example, 100 individual birds were 
trapped in 314 trap nights. In 1952 and 
1953, many traps were set at sites of 
former years without first ascertaining 


1—Backbone har—mild steel 1/8” x 1-1/4” x 22” long (Turned up 1” at each end—holes 


drilled as shown.) 


2—Fulcrum bar-mild steel—1/8” x 1/2” x 6-1/2”. 


1/4”—width 5/32”. 


—turned up at ends 1/2” and depth of notches = 


3—Trip arm support welded on backbone bar—1/8” x 1” x 6-1/2 ”"—cut as shown—ends turned 


up 1” with 7/32” hole. 


4—Mainspring trip arm—3/16” spring steel x 11” long—bent as shown. 

5—Bearing—amild steel 1/8” x 1-1/4” x 1” deep with two 7/32” holds drilled as shown. 

6—Two main springs—1 with left turn and other with right turn—outside diam. = 11/16” diam. 
of wire =5/32” and number of coils =7—bent as shown. 


7—Main spring trigger—3/32” x 2-3/4” long. 
8—Main trigger trip bearing—mild steel 1/8” 
9—Main trigger trip—figure 8—3/32” wire. 


x 1-1/2” long welded on as shown. 


10—Trip pan bearing—1/8” x 1-1/2”—mild steel (brazed on). 
11—Trip pan—amild steel—26 gauge—1/2” wide x 2” long shaped as shown. 


12—4— 3/16” burrs. 
13—2—1/8” burrs as shown. 


14—Trip pan spring—Victor mouse trap spring and arm. 


15—Victor mouse trap trigger. 
16—One jaw—56"—3/16” spring steel. 


17—One jaw—54” to close inside other Jaw—3/16” spring steel. 

18—Main bottom hoop support 5’ 4” x 3/16” spring steel. 

19—Pan frame—1/8” cold roll steel x 50” bent as shown. 

20—2 Ib. lead counter balance of main pan—diam. thickness = 13/16", length =9-1/2" as drawn. 
A simple substitute for the square end bar is an iron pipe of the same length filled with lead. 


2i—Main pan mesh—heavy gauge steel lathe. 
22—Picture wire trip cord. 


23—1/4” square mesh, 1/2” stretched, 20/6 cotton sein netting which should be dyed. To fit 
trap, it must be cut in egg shape and attached between jaws (17 & 16) and bottom hoop 


support (18). Must be very slack. 
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whether birds were present. A skillful 
trapper operating only two traps had a 
much higher trap night success than 
another man running twelve traps, 
although the latter captured many 
more birds. 

In addition to woodcocks, these traps 
took cottontail rabbits, a snowshoe 
hare, a skunk, three crows, three Coop- 
er’s hawks, two sharp-shinned hawks, 
several robins, whip-poor-wills and small 
birds. Most mammalian captives es- 
caped by chewing holes in the nets. 

Any small machine shop can repro- 
duce the trap successfully for approxi- 
mately $15.00. 


TRAPPING TECHNIQUES—The general 
procedure followed in Massachusetts 
was to set traps in the late afternoon, 
spend the singing period spotting new 
sites, tend traps and remove decoys 
after dark, leaving all traps set blind 
for the dawn flight. Relatively few 
casualties resulted from not tending 
dawn flight traps until late the follow- 
ing afternoon. 

For success, trapping should be un- 
interrupted throughout the singing sea- 
son regardless of weather. The trapping 
season in Massachusetts extends from 
late March until the end of May. 

Birds were trapped on fields varying 
from several acres in extent to lighting 
areas only a few feet in circumference. 
The smaller the singing field, the better 
the chances are of capturing a bird, 
especially on blind traps. 

One man can efficiently run as many 
as 15 traps. In cases where a bird was 
captured at a site and no new singing 
fields located, the trap was left on the 
same site for additional evenings. Many 
singing fields yielded several different 
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birds the same season. In one site, five 
different males and a female were caught 
on six successive nights. Some successful 
traps were taken up and placed as 
blind sets in singing fields where a 
trap with a decoy had failed to catch 
the resident male on several successive 
nights. Certain birds were caught only 
after seven or eight trap nights. 

Traps should be painted and thorough- 
ly tested before setting them in the 
field. Mechanical failures, although rare, 
were due in most cases to lack of care 
in setting. The commonest failure was 
to have the jaws close and spring open 
sufficiently to allow the bird to escape. 
This can be due to several causes, all of 
which can be remedied by careful trap 
testing and adjustment. A simple clip 
for holding the trap in a set position is of 
great convenience. Traps are far more 
easily transported and handled in the 
field when in the flat set position. Such a 
clip was made with a heavy piece of 
wire with two open hoops clipping over 
the main spring trip arm (4) and passing 
under the backbone bar (1) (Fig. 2). It 
is held in place by the pressure of the 
main spring trip arm. The trap can be 
thoroughly camouflaged and the clip 
not removed until the final setting when 
the main spring trip arm is depressed 
sufficiently to make the clip easily re- 
movable. In order of importance, in- 
structions for setting these traps are as 
follows: 

(1) Pinpoint the lighting spot most 

frequently used by a singing bird. 
Such spots can often be recog- 
nized in daylight by searching for 
the location where there is the 
largest deposition of droppings. 

(2) Camouflage the trap sufficiently 
to make it virtually invisible, but 
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not so heavily as to interfere 
with the action. All grass, leaves, 
etc., should be broken up in one’s 
hands and lightly scattered on 
the trap. Before the final setting, 
smoothe the camouflage on the 
pan so the latter is as flat as 
possible. 

Place the decoy on the pan facing 
into the wind. 

If sufficient traps are available, 
best success will be realized by 
making ‘‘tandem”’ sets—one trap 
with a decoy and a second blind 
trap nearby on an _ alternate 
lighting spot. 

The trap should be set very 
lightly and can be tested by 
holding trip spring and depressing 
pan. 

If there are several lighting spots 
in a field, put sticks or branches on 
those areas where the traps aren’t 
set, thus often guiding a lighting 
bird to the trapped spots. 

A very erratic flying bird with 
several widely scattered lighting 
sites is seldom worth attempting 
to trap. Most birds which have 
been observed to alight at least 
three times in the same spot dur- 
ing an evening performance, can 
be trapped. 

) If traps fail to capture a bird 
after three nights, he should be 
respotted by a competent ob- 
server. Often a careful search of 
the area will reveal another 
lighting spot well advertised by 
fresh droppings. Traps should be 
shifted to the new location which 
may be 50-100 feet away. 

Leave traps set blind for dawn 
flights. One hundred and thirty 
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birds were thus captured in three 
trapping seasons. 

Mounted woodcocks were used as 
decoys for the first three years. These 
were mounted in several poses. All took 
birds at one time or another. Such 
decoys should be stuffed large, and it 
makes little difference whether the 
legs are present or not. Those with legs 
were probably more visible to per- 
forming males, but squatting models 
were equally successful. Those mounted 
with the head high and the bill pointing 
forward seemed most attractive to 
males. In 1953, a dozen plastic decoys 
were tried. These were made out of a 
rubberized material prepared for the 
writer at the American Museum of 
Natural History. Several methods of 
painting were tried. The most crudely 
painted ones were as successful as those 
carefully painted. These decoys are 
very durable and appeared as effective 
as the feathered models. They can be 
left out overnight, whereas the real 
skin decoys quickly deteriorate in wet 
weather and are often destroyed by 
mice. 

In 1953, experimental trapping was 
conducted after the singing season by 
setting blind traps in favorite feeding 
areas. Fifteen birds were captured in 
these and the method is promising if 
sufficiently concentrated feeding areas 
can be found. 


OTHER METHODS 


Sounp Recorpinecs—Dr. W. W. H. 
Gunn of Toronto, Ontario, made a tape 
recording of a singing male. He con- 
ceived the idea of playing this record in 
the presence of performing males, and 
had very high success in luring the birds 
and capturing them in a collapsible 
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net. Disk records made from the tape 
lacked the fidelity of the latter and 
proved only moderately successful. If 
nets must be erected and the tape 
recorder run by power from a vehicle, 
it takes a lot of effort to get set up to 
capture a bird. One is confined to sing- 
ing grounds reasonably close to roads, 
and personnel must be present during 
the netting operation. 

In the spring of 1952, the Massa- 
chusetts Unit developed a portable 
record player with two 45-volt B 
batteries and a 1}-volt A battery for 
power. A record cut from Gunn’s tape 
was used. The sound was produced 
through a cone speaker with 50 feet of 
wire, the end of which was plugged into 
the player. In addition, the Unit 
experimented with the same record run 
from a car 6-volt battery with metal 
speakers. In 1952, fifteen males were 
caught with the metal speaker and 
woodcock trap which held a decoy. 
One male was caught with nets while 
using the metal speaker. The portable 
player unit cost a fraction of the car- 
powered record player and appeared far 
more practical than the other. In 12 
attempts late in May in 1952, every 
male experimented with was attracted 
sufficiently to at least fly over the 
speaker. 

Several portable units were used in 
1953. On the whole, the results were 
disappointing. Only six birds were 
caught. Heavy precipitation during 
much of the spring precluded use of 
cone speakers which deteriorate rapidly 
in wet weather. In spite of identical 
electrical hook-ups and parts, there was 
considerable variation in the fidelity of 
the individual cones. Few birds actually 
lit near the decoy, but several flew back 


and forth over the speaker. A net would 
have caught quite a few, but the work 
involved in erecting a net did not appear 
to be commensurate with the results. 


JAPANESE Mist Ners—Twelve Jap- 
anese mist nets were procured in 1952. 
These were two meters in depth and six 
meters in width. Made of 2” mesh, they 
were tied to 18-foot bamboo poles. The 
top, middle and bottom strings were 
kept tight while the mesh between 
hung loosely forming a pocket behind 
the tight cords. Properly set by ex- 
perienced operators, such a net is 
reported to be highly effective on many 
species of birds. The principle is that 
when a bird hits the net, it falls into the 
pocket behind, thus becoming enmeshed. 

A total of 30 woodcocks were captured 
in these nets by Unit personnel. Far 
more hit the nets and bounced out than 
were captured. There was little evidence 
that birds saw the nets except on bright 
moonlight nights or just at dusk when 
their angle of flight silhouetted the 
mesh against a relatively light sky. 
Woodcock flushed into a net invariably 
became entangled. Speed of flight seem- 
ed to be an important success factor. 

For spring work, the nets did not 
compare in effectiveness with the butter- 
fly-shaped traps. If so hung as to be 
collapsible, probably most birds would 
be captured, but it is virtually im- 
possible to reset the net again during 
the flight period. It requires the attend- 
ance of personnel, and is best operated 
by two men. 

These nets proved very useful during 
the summer. Evening observation of 
dusk flight patterns of birds enabled 
Unit personnel to capture 14 birds in 
16 evenings. In one small field where 
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seven nets were erected, nine woodcocks 
hit one or more of these in one evening, 
but only three were captured. 

It is possible that such nets could be 
very effective in fall migrations if one 
has knowledge of strategic locations. 

In short, the possibilities of nets of 
this type for capturing woodcocks have 
not been thoroughly explored. Tech- 
niques of setting them up need further 
study and experimentation. 

In addition to these methods, Lis- 
cinsky in Pennsylvania experienced 
some success in setting funnel traps 
similar to those developed for the 
capture of shore birds. In Massa- 
chusetts, 12 captures of woodcocks were 
made in such traps which had been set 
primarily for ruffed grouse. 
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For able assistance in testing traps, I 
am indebted to several assistants, es- 
pecially T. D. Ford, E. Howard, Jr., 
Gordon Hobart, Gardner Hobart and 
Robert Wood. Dr. W. W. H. Gunn 
kindly permitted use of the results of 
his experiments with sound recordings. 
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FERTILITY OF MULE DEER IN UTAH! 
W. Leslie Robinette and Jay S. Gashwiler 
U. S. Fish and Wildlife Service, Salt Lake City, Utah 
and 


Dale A. Jones and Harold S. Crane 
Utah State Fish and Game Department, Salt Lake City, Utah 


Since publication of an earlier paper 
on productivity of mule deer (Odocoileus 
h. hemionus) in Utah (Robinette and 
Gashwiler, 1950), 677 does have been 
examined for pregnancy. Thus the 
writers have obtained pregnancy records 


1 This study is a contribution by the Utah 
Cooperative Big Game, Livestock, and Range 
Relationship Research Project conducted 
jointly by the Utah State Fish and Game 
Department, U. S. Forest Service, Utah State 
Agricultural College and U. S. Fish and 
Wildlife Service. 


for a total of 993 does older than fawns 
in Utah. This includes 316 does in the 
1950 study. Examination of the 677 
does has revealed differences in pro- 
ductivity by regions as well as from one 
year to another in the same herds. In 
addition, ovaries were collected from 
many of these does and have yielded 
information on ovulation rates and 
prenatal mortality. This paper is con- 
cerned primarily with results and find- 
ings since the 1950 study. 

Most of the records on which this 
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paper is based were secured during 
the winter of 1951-52, which was 
unusually severe. Total snowfall ex- 
ceeded that of any other winter since 
establishment of a weather station in 
Salt Lake City in 1874. As a result, deer 
wintering along the steep Wasatch 
Front from Provo to Logan were forced 
down into communities and farms at the 
base of the mountain. Specimens were 
examined during post-season hunts in 
January and February and also include 
deer which had died from starvation 
or were killed by cars, wardens and 
dogs. 

The writers are indebted to Dr. E. L. 
Cheatum, Chief of the Bureau of Game 
in the New York State Conservation 
Department, for assistance in inter- 
preting deer ovaries. Technical help also 
was given by Dr. W. W. Newby, Em- 
bryologist at the University of Utah, 
Dr. Ward T. Huffman, Veterinarian, 
U. 8. Bureau of Animal Industry, Dr. 
Wayne Binns, Head, Department of 
Veterinarian Science of the Utah State 
Agricultural College and Dr. William A. 
Wimsatt of Cornell University. Cooper- 
ators who assisted in the collection of 
reproductive tracts include: Mr. Virgil 
Draney, Game Warden with the Utah 
State Fish and Game Department, 
Messrs. Merle Rognrud and W. Leslie 
Pengelley, graduate students at the 
Utah State Agricultural College and 
Dr. Odell Julander of the U. S. Forest 
Service. 


Rates or Dogs By AGE 
CLASSES 


Reproductive data collected from the 
677 does are given in Table 1. Does 
lacking corpora lutea after January 1 
were regarded as current breeding 
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failures. If corpora lutea were present we 
used only those does in which there was 
gross evidence, through presence of 
embryos or pigmented degenerating 
corpora lutea, that the doe either had 
been or was currently pregnant.? In 
early January we examined a few 
animals having corpora lutea but which 
showed no positive evidence of preg- 
nancy, and these records were omitted. 
The same age classes of does are recog- 
nized in Table 1 as in the 1950 paper, 
namely: yearling, 2-year, prime, old 
and unclassified. Yearlings examined for 
pregnancy were 18-23 months of age. 
Similarly, 2-year olds were 30-35 months 
of age. Prime does were those estimated 
to be from 3 to 7 years old, inclusive, 
and old were 8 years and over. Un- 
classified does were those known only 
to have been older than fawns. 

In the 1950 paper on Utah deer pro- 
ductivity it was reported that the repro- 
ductive rate of yearling does dying from 
malnutrition was significantly less than 
for those dying from other causes. 
Similar results were obtained during the 
present study. For reasons given in the 
earlier paper, yearlings dying from some 
form of violence probably are more 
representative of herd conditions than 
those dying from starvation. Com- 
parative fetal rates and pregnancy 


2? Through histological studies of ovaries 
from white-tailed does with known breeding 
histories, Cheatum (1949) found that an 
orange-brown pigment is laid down in degen- 
erating corpora lutea following parturition or 
fetal death with complete cessation of placental 
function. The resulting pigmented scars are 
diagnostic of pregnancy for several months 
following parturition. He found further that 
corpora lutea of the cycle contained no pigment 
upon retrogression; rather, scars of white 
connective tissue were left in their stead. 
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TABLE 1.—PrREGNANCY ReEcorpDs For 677 Mute Deer Doss, 1950-1953 


Number of Does 


Examined by Litter Size 
(Number Fetuses) 


Does Examined 
Number Per cent 1 2 


Age Class 
of Does 


Total Number 
of Fetuses Per cent No. Fetuses 
Not Cal- Does per Doe 
Known! Known culated Pregnant Pregnant All 


Yearlings: 
(Malnutrition) 93 wed 54 
128 one 73 


(Violence) 


| 62 63 a. 
i. 


Total and Average 
2-Yearsand Older 435 


Yearlings*® 
Unclassified... .. 


84 
95 


Grand Total 


and Average.... 642 100 7 58 


22 939 977 91 


1 Does were pregnant but for reasons explained in text an incomplete feta] count was obtained. 
2 Reproductive data for yearlings dying from violence (line 2) were expanded to represent 30% of all aged does so 
that weighted reproductive values for an “average” herd might be derived. 


percentages are given below for yearling 
does examined during the two studies 
for two classes of mortality. 


Fercent of Does 
Fetal Rate Pregnant 
Mal- Vio- Mal- Vio- 
nutrition lence nutrition lence 


1950 study.... 0.39 0.78 38 57 
Present study. 0.68 1.11 63 84 


In both sets of data the yearlings 
dying from violence had a significantly 
higher reproductive rate than those dy- 
ing from malnutrition. 

In 1950 it was brought out that the 
differences between reproductive rates 
in older does for the two mortality 
classes—malnutrition and other causes 
—were not significant. The same was 
found to be true in the present study. 
For this reason Table 1 contains all 
records obtained for 2-year-old does and 
older, but in an attempt to arrive at a 


reproductive rate for an average doe 
herd, only the data obtained for year- 
lings dying from violence were used in 
the summary. Thus, in line 7 of Table 1, 
yearling data have been expanded so 
that the number of specimens examined 
represented 30 per cent of all the does 
which were aged. Actually yearlings 
comprised 34 per cent of the aged does 
which were examined for pregnancy 
but age data for legally killed does 
collected from checking stations indi- 
cate that 30 per cent would more 
nearly approach average herd conditions 
during the period of this study. 

Some clarification of the column, 
“Litter Size—Not Known” in Table 1 
is required. This column shows preg- 
nant does in which for various reasons 
the number of embryos or fetuses 
was not determined. For example in 
the Salt Lake City area, deer which 
died or were killed during the winter 
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of 1951-52 were brought to a central 
location, where the writers examined 
them before they were taken to a 
by-products plant. Not infrequently 
does that had been hit by cars were 
broken open, resulting in loss of fetuses. 
In such cases we could ascertain preg- 
nancy but not the number of young. 
In a few cases during early January, 
pregnancy was determinable through the 
presence of a filmy placental mem- 
brane, but the number of embryos was 
not ascertained through gross examin- 
ation because of their small size. To 
omit the specimens listed in this column 
would certainly invite error in any 
conclusions regarding percentage of 
does that were pregnant and average 
number of fetuses per doe. 

Table 2 is a tabulation of fetal num- 
bers and corpora lutea of pregnancy 
counts for all those does determined to 
have been currently pregnant and for 
which a full fetal count was possible. 
Both Tables 1 and 2 list only the 
numbers of fetuses believed to have 
been alive at the time of the does’ 
deaths. In other words a set of twins 
in which one was in the process of being 
resorbed would be considered a single 
in the tables. Table 2 serves to indicate 
the ovulation rate by litter size classes 
and by age classes for those does which 
conceived during the current breeding 
season. The 10 does listed under ‘Litter 
Class—0” were animals whose entire 
litter had been lost through abortion 
or resorption so that no remains were 
found or whose young had died and 
their remains were being resorbed or had 
mummified. A fuller discussion of these 
particular does and other data in Table 2 
may be found under ‘Fertilization 
Suecess and Prenatal Mortality.” 
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Many differences may be noted be- 
tween the data presented in Table 1 of 
the present study and that of the 1950 
study. The fertility of does in every 
age class exceeded that of the 1950 
study. This was manifested in two 
ways—by an increase in the percentage 
of does pregnant and also by an in- 
crease in the fetal rate of pregnant 
animals. In the 1950 study, the 316 
does examined indicated an average 
fetal rate of 1.35 for all females older 
than fawns, whereas, the present study 
shows a fetal rate of 1.52. The greatest 
single gain was made by the yearling 
group. 

Records for does examined in the 
Salt Lake and Weber Canyon Areas 
for two different years, 1949 and 1952, 
furnish data that serve to emphasize the 
point of increased fertility and bring 
up other points for fuller discussion. 
Fetal rates and number of does ex- 
amined (parentheses) for the Salt Lake 
and Weber Canyon areas in 1949 and 
1952 are listed below. 


Salt Lake Area Weber Canyon 
Yearling Older Yearling Older 
Does Does Does Does 


1949 0.33(9) 1.81(27) 0.53 (17) 1.47 (96) 
1952 1.14 (70) 1.84 (107) 0.83 (46) 1.62 (85) 


The winter ranges on the two units, 
which are only 20-30 miles apart, are 
closely comparable and in each case 
very restricted. They are depleted and 
wholly inadequate for the needs of the 
deer wintering on them. The summer 
ranges differ markedly, however. The 
Salt Lake summer range, whose streams 
furnish much of Salt Lake City’s do- 
mestic water supply, receives only 
restricted use by livestock and _pro- 
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TasLe 2.—Corpora anp Live Ferus Counts at Mip-PREGNANCY FoR 482 Utan 
Deer WuicH WERE oR Hap BEEN CURRENTLY PREGNANT 


No. of 
Corpora Classes 
Lutea 0 1 2 3 


Age Class 
of Does 


Number of Does by Litter 


Total 


Total No. Total No. 
Live Corpora 
Fetuses Lutea 


Loss 
of Ova 
(Per cent) 


Fetal 


Yearling 1 1 47 
Malnutrition 


48 47 48 2.0 
8 10 20.0 


58 


Violence 


55 
60 
66 

1 


2-Year 


828 


~ 


e 


Old 
(8 and older) 


see 


_ 
. 


Unclassified 
(older than fawns) 


Grand Total 


duces an abundance of good forage for 
deer. The summer range on the Weber 
unit, on the other hand, is overused by 
livestock, primarily sheep,with the result 
that the deer have neither the choice of 
quality nor quantity of summer forage 
which is available on the Salt Lake 
area. It is believed the foregoing largely 


explains the difference in fertility be- 
tween does of the two herds. 

The changes in fetal counts from 1949 
to 1952 are not so easily explained. 
Members of the Utah State Fish and 
Game Department are of the opinion 
that deer numbers just prior to the 
winter of 1951-52 were about the same 


{ 
= 
Ovu- 
y lation 
Rate Rete 
0 
e 
a Total 1 49 3 53 = 1.04 1.09 5.2 
t a 1 1 6 2 59 59 0.0 
6 2 2 6 30 38 76 13.2 
3 1 1 3 66.7 
e 
“ Total 3 63 32 98 127 138 1 1.41 8.0 
y a 1 7 7 7 7 0.0 
a 2 1 6 46 53 98 106 7.5 
3 1 1 2 3 6 50.0 
g 
Total 1 14 47 62 108 119 mm 1.92 9.2 
e Prime 1 12 1 13 14 13 0.0 
is (3-7 years) 2 3 18 133 154 284 308 7.8 
3 3 4 4 11 23 33 30.3 
“9 
e Total 3 33 138 4 178 321 354 ] 1.99 9.3 
g PO 1 1 1 0 1 100.0 
. 2 1 15 87 73 129 146 11.6 
3 7 17 21 19.0 
4 2 2 4 50.0 
5 1 1 2 5 60.0 
e 
d Total 2 15 64 38 84 152 181 mm 862.15 16.0 
2 2 2 4 6 10 12 1.67 16.7 
3 1 1 1 3 1.00 66.7 
Total 3 4 7 il 15 1.57 2.14 26.6 
-- Pe 1 3 122 3 128 128 128 1.00 0.0 | 
B) 2 7 49 273 329 595 658 1.81 9.6 
5) 3 6 e 22 45 66 2.05 31.8 
= 4 2 2 4 8 2.00 50.0 
5 1 1 2 5 2.00 60.0 
s, : Total 10 177 288 7 482 774 865 1.61 1.79 10.5 
re 
se 
id 
1e 
er 
1e 
as 
O- 
ly 
O- 
j 


120 JouRNAL oF WILDLIFE MANAGEMENT, Vou. 19, No. 1, JANUARY 1955 


for the Salt Lake herd but less in the 
Weber Canyon herd than they were 
just prior to the winter of 1948-49. If 
this supposition is true it could explain 
why there was an apparent increase of 
about 10 per cent in reproductive rate 
in the older does in the Weber Canyon 
herd, as compared to only one per cent 
in the Salt Lake does (neither change 
was found to be significant at the 5 per 
cent level). However, this would not 
account for the large percentage in- 
creases in fertility noted for yearling 
does. The Salt Lake yearlings more than 
tripled their fetal rate and this change 
was significant. The Weber Canyon 
yearlings registered an increase of about 
57 per cent, which, although not 
significant at the 5 per cent level, 
approaches it with p = .07. 

The writers believe that the types of 
winters immediately preceeding the ones 
when the pregnancy records were ob- 
tained perhaps explain most of the 
changes noted in yearling fetal rates. 
In other words, the yearlings listed in 
the table were then fawns and it is 
believed the types of winter (mild and 
open, or severe with cold temperatures 
and heavy snowfall) can be an impor- 
tant determinant of the growth and 
sexual maturity acquired by these 
animals by the following fall. This is 


believed to be especially true where the 
normal winter ranges are very restricted 
and depleted. 

Temperatures and snowfall were un- 
doubtedly more severe in the mountains 
where the deer wintered than those 
recorded in the city. However it is 
believed the records below will serve to 
indicate the relative severity of the two 
winters as compared to a norm. 

Temperature and snowfall records for 
Salt Lake City were compiled by the 
U. S. Weather Bureau (table below): 

These records reveal that the winter 
of 1947-48 was slightly more severe than 
normal in both temperature and snow- 
fall. The winter of 1950-51, however, 
was appreciably milder than normal. 
This was especially true of the snowfall 
for November and December when only 
2.5 and 3.0 inches fell, respectively. The 
result was that the deer remained on 
their intermediate range one to two 
months longer than usual. This 
amounted to making a fair-to-good 
winter range available to deer on both 
units for about half of the period com- 
monly spent on the winter range. As a 
result of this factor and milder temper- 
atures, fawns and other deer probably 
came through the winter in much better 
condition than normal. Under these 
circumstances it is evident how fawns 


Temperature (degrees Fahrenheit) Snowfall (inches) 

78-Year 68-Year 

Average 1947-48 1950-51 Average 1947-48 1950-51 
40.9 36.4 43.2 5.8 12.9 2.5 
32.2 31.9 36.0 11.5 8.8 3.0 
ee 29.2 32.4 31.1 12.5 2.9 13.3 
ae 34.1 35.3 38.0 10.7 5.6 5.6 
Se 41.8 36.7 38.5 10.5 22.3 12.3 
eer 35.6 34.5 37.4 Total 51.0 52.5 36.7 
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could make added gains towards sexual 
and physical maturity by the following 
rutting season, and thereby become 
capable of ovulating at a higher rate. 
Thus a mild winter can have the effect 
of improving the nutritional plane for 
deer whose normal winter range is im- 
poverished. 

Records for the Salt Lake does indi- 
cate that condition of the winter range 
has little influence on the reproductive 
rate of animals older than yearlings, 
provided the summer range is in opti- 
mum condition. Mature does can attain 
peak condition by the rutting season if 
adequate summer forage is available 
because much of their nutritive intake 
can go towards a buildup of condition. 
On the other hand, fawns whose growth 
has been retarded over winter by in- 
sufficient forage, must, as yearlings, use 
most of the summer’s nutritive intake 
for growth, with a resultant delay in 
sexual maturity. 

It seems probable that condition of 
summer range is of far greater impor- 
tance in determining the reproductive 
success of older does than is winter 
range, whereas, in the case of yearlings 
the two ranges may assume near equal 
importance. On the Oak Creek area 
in central Utah, ovarian scar .counts 
from does killed during the 1952 
hunting season revealed that 2-year- 
olds had a calculated reproductive rate 
of 0.51 fawns per doe and older does 
averaged 1.56 per doe (these fawning 
rates were obtained by multiplying the 
ovarian scar counts by 0.895). The Oak 
Creek area has excellent winter range 
compared to the Salt Lake and Weber 
Canyon units, but summer range which 
probably is inferior even to the Weber 
Canyon unit. 


Taber (1951, 1953a) has made some 
noteworthy productivity studies of the 
Columbian black-tailed deer (O. hemio- 
nus columbianus) in three different 
chaparral types of California. He found 
1.47 fetuses per doe in an opened-up 
brush type where considerable sprout 
growth and annuals were available, 1.16 
fetuses per doe in a burn, and 0.84 or 
less in a mature brush area. Chemical 
analyses of the available forage and 
experimental feeding of sheep indicated 
that nutritional differences — the 
amounts of assimilable proteins and 
phosphorus probably account for the 
varying rates. This study adds to the 
growing evidence of the important role 
which nutrition plays in regulating 
productivity. 


Fawns: Records of pregnancy exam- 
inations of fawns, i.e. does 6-11 months 
of age, were not entered in Table 1 
because there has been little evidence 
that they contribute to the fecundity of 
the herd. The writers have examined 
107 female fawns (6-11 months of age) 
which had died of some form of violence, 
and found none pregnant. However, 
analyses of 167 sets of ovaries from 
yearling does revealed pigmented cor- 
pora luteal scars in seven sets. Thus for 
274 animals (107 pregnancy examina- 
tions and 167 ovarian analyses) it 
appears that seven, or 2.6 per cent, may 
have conceived as fawns. However, it is 
noteworthy that udder examinations 
were made for six of the seven does and 
none showed development. The udders 
and teats were virginal in appearance— 
white and lacking glandular develop- 
ment. This could only mean that if 
these does were bred they must have 
lost their young during the prenatal 
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stage or at least before there was any 
appreciable development of the udder. 

It appears, however, that conception 
occasionally occurs in the fawn group. 
In examining the udders of 264 legally 
killed 16-month-old does and 276 long 
yearlings (18-23 months of age) which 
had died or were killed during winter 
and spring months in Utah and eastern 
Nevada the writers found three in which 
development evidently had taken place. 
These three records, which were dis- 
cussed in the 1950 paper, concerned 
dressed-out legally killed animals whose 
udders had been removed where they 
were dressed out. This fact and state- 
ments from the hunters that the udders 
contained milk were accepted as evi- 
dence of reproductive success. Crane and 
Jones (1953) recorded an instance of a 
semi-captive Utah mule deer doe having 
a fawn at about 13 months of age. This 
doe outwardly appeared to be in no 
better condition than fawns on open 
range, so it seems probable that mule 
deer fawns occasionally breed and rear 
young as yearlings. However, in the 
present study udder examinations of 
540 long yearlings indicated that only 
three, or 0.56 per cent, could have 
reared fawns to weaning age. If we 
accept ovarian scar data as evidence, 
the difference between 2.6 and 0.56 
per cent represents a rather high per- 
centage loss in utero or very shortly 
after birth of young conceived by does 
when 6-8 months of age. 


YEARLINGS: Yearlings as a group are 
not so productive as older does. Even 
the yearling does which died from 
violence, with a fetal rate of 1.11, 
(Table 1) were only two-thirds as 
productive as older animals, which 


showed a fetal rate of 1.69. Apparently 
this group displays greater extremes in 
fertility by years and regions than any 
of the older groups. Examination of 57 
sets of ovaries from 2-year-old does for 
corpora luteal scars (which would indi- 
cate breeding success as yearlings) re- 
vealed that 51, or 89 per cent, had been 
pregnant. Udder examinations of 56 
of these same does, however, showed 
evidence of past development in only 
38, indicating that only 65 per cent 
were successful in rearing fawns beyond 
the first few days following birth. Thus it 
appears that about one-fourth of the 
yearling does which conceived must have 
lost their young prior to or shortly 
after parturition. 

At Oak Creek the loss appeared to be 
even greater. The ovaries of only 
seven 2-year-old does taken during the 
fall hunting season were examined and 
4, or 57 per cent contained corpora 
lutea scars of pregnancy. On the other 
hand the udders of 97, 2-year-old does 
from the same area were examined and 
only 30, or 31 per cent showed develop- 
ment. It appears that few more than 
half of the does which conceived could 
have reared young to weaning age. 

Table 1 indicates that yearlings which 
died from some form of violence had 
approximately one set of twins for every 
two singles. No triplets were encoun- 
tered in the yearling does, although three 
corpora lutea were found in one set of 
ovaries of 151 examined (Table 2). It 
would, of course, be possible for triplets 
to form from two ova through develop- 
ment of identical twins from one ovum. 


Two-YeEAR-OLps: Does in this age class 
displayed the highest incidence of preg- 
nancy of any age group—99 per cent for 


oF Mute DEER IN Utan—Robinette et al 


78 animals examined. This condition 
was primarily responsible for this age 
class having the highest fetal rate per 
doe (1.76), despite the fact that the 
rate per pregnant animal (1.77) was 
slightly less than for does in the prime 
and old groups. Twins outnumbered 
singles about 3.4 : 1 with no triplets 
found. However, three corpora lutea 
were found in two different sets of 
ovaries for an incidence of three per 
cent. 


Prime (3 to 7-yEAR-OLDS): This group 
(Table 1) had about four sets of twins 
for each single and about one set of 
triplets for each 50 pregnant does. 
About 94 per cent were pregnant, with 
an average of 1.81 fetuses per pregnant 
animal and 1.70 as an average for all 
prime does examined. The percentage 
of does which were pregnant as well as 
the fetal rates were intermediate be- 
tween those of 2-year-olds and old does 
(8-years and older). 


Otp (8 YEARS AND OLDER): Results of 
the 1950 study showed that the repro- 
ductive rate of the old class was sub- 
stantially lower than that of the prime 
class (1.34 for old and 1.63 for prime) but 
in the present study the rates were more 
nearly even, being 1.70 for prime and 
1.64 for the old. Evidently the severe 
winter of 1948-49, which furnished most 
of the specimens for the 1950 paper, 
weeded out most of the very old does 
whose productivity may have been 
impaired by senility. Thus, the old does 
examined in the present study were, as a 
group, younger animals. This theory is 
substantiated in part by the fact that 
old does made up 27 per cent of the 
females examined in the 1950 study and 
only 20 per cent in the present study. 
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An attempt was made to determine 
the approximate age at which pro- 
ductivity is impaired by senility. In the 
field no age breakdown was attempted 
in the old age class. However, jaws were 
removed from 60 old does examined for 
pregnancy. On the basis of wear of the 
molars they were subdivided into two 
age groups. There is little basis for 
judging what year classes the two 
groups represented. We have but one 
skull of known age in this old class 
(a 9-year-old), but it was our belief 
that 36 does fell in an 8 and 9, and 
possibly 10-year, group; whereas the 
remaining 24 were older. It was rather 
surprising to find a fetal rate of 1.80 
for the first group and 1.79 for the older 
group. However, relatively fewer does 
with molars and incisors worn to the 
gum line were encountered in this study 
than in the 1950 study. On a basis of the 
meager information given here, we 
doubt that productivity of does in 
Utah herds is significantly impaired by 
senescence before at least 11 or 12 years 
of age. 

The old does had about 4.2 sets of 
twins for each single and a set of triplets 
for every 35 pregnant animals examined. 
The old age class was the only one in 
which more than three corpora lutea 
were found in a single set of ovaries. 
Two sets each had four and a third had 
five corpora lutea. 


OvuULATION RATES AND PRENATAL 


In the course of the present study 
some information was gathered regard- 
ing ovulation rates and prevalence of 
prenatal losses in mule deer. Ovaries 
from 527 does were sectioned, after 
fixation in 10 per cent formalin, and 
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counts made of the corpora lutea of 
pregnancy. 

In the following discussion we have 
assumed that a single ovum was shed 
for each corpus luteum, although occas- 
ionally more than one egg is shed from a 
single follicle (Brambell, 1948). Also, we 
have assumed that we can count corpora 
lutea through gross examination of 
sectioned ovaries. Luteinized follicles 
were occasionally encountered (being 
about five per cent as common as 
corpora lutea of pregnancy) but were 
distinguishable from corpora lutea of 
pregnancy by their smaller size and 
lack of rupture sites on the surface of 
the ovary. 

Winters and Feuffel (1936) have 
pointed out that two corpora lutea may 
be so nearly fused that grossly they 
appear as one. Several instances were 
noted where two corpora lutea were 
nearly fused but in each case a fine 
demarcation line of white tissue was 
discernable under gross observation 
or low-power magnification. Three in- 
stances were found where the number of 
fetuses exceeded the corpora lutea 
(Table 2). However, these ovaries were 
examined microscopically by Dr. W. W. 
Newby, who is certain there was but a 
single corpus luteum in each case despite 
the presence of twin fetuses. In the two 
cases where the young were sufficiently 
developed for sex determination it was 
found that the twins were of the same 
sex, supporting the supposition that 
these may have been examples of mono- 
zygotic or identical twins. Unfortun- 
ately, in our field examinations, we 
made no special point to determine 
whether twins had common or separate 
chorions. Such observations could have 
determined whether twins were identical 


or not. Direct evidence of identical 
twinning was observed in the examin- 
ation of a doe with triplets. Two male 
fetuses were found within a common 
chorion in one horn and a single female 
fetus within a separate chorion in the 
other horn. In this particular case 
identical twinning would not have been 
evident from ovarian sectioning, for 
there were three corpora lutea. 

It may be seen from Table 2 that the 
number of corpora lutea, or ovulation 
rate, increases with age of does. Also, 
Fig. 1 shows that there is an appreciable 


—- 
OVA SHED PER DOE (FROM CORPORA LUTEA COUNTS) 


Fig. 1.—Histogram showing percent of ova 

shed that were lost by mid-pregnancy for 

482 currently pregnant does and for five ova 

classes. Total corpora lutea count for each 
ova class given in parentheses. 


> 
z 
<« 
z 
w 
a 
2 
= 
> 
fo} 
< 
> 
=z 
a 
a 


increase in the loss of ova with the 
number shed. This increased loss seems 
independent of age, for the same 
observation holds within each age 
class. 

Examinations of the 527 does (Table 
2) were made sufficiently long after 
conception or after the breeding season 
so that fetal counts could be made and 
breeding success or failure determined. 
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An exception would be those does in 
which fertilized ova or embryos of an 
entire litter may have been lost prior 
to the earliest time when pigmentation 
would occur in the corpora lutea upon 
termination of pregnancy. The minimum 
period of pregnancy required to produce 
a distinguishable amount of pigment in 
scars from the corpus luteum of an 
early pregnancy failure and from a 
corpus luteum of ovulation is not 
known. Rossman (1942), Brenner 
(1946), Wimsatt (letter of July 24, 
1953) and others indicate that pigmenta- 
tion in some mammals results from an 
oxidation of certain fats, known as 
lipids, during degeneration of the corpus 
luteum. A study by HOfliger (1947) 
(quoted from Harrison, 1948) has shown 
that the lipid content of the luteal cells 
in the corpora lutea of the cow (a 
species in which pigmentation occurs) 
increases up to the seventh month of 
pregnancy. 

It might be inferred from the fore- 
going statements that pigmentation 
occurs in degenerating corpora lutea of 
pregnancy and not in those of ovulation 
because the corpus luteum of pregnancy 
has commonly acquired a greater age 
prior to degeneration with a consequent 
greater deposition of lipids. Hammond 
(1927) states that pigmentation in the 
cow increases with life of the corpus 
luteum. Although Hammond reports 
pigmentation in the degenerating corpus 
luteum of the cycle in the cow (differing 
in this respect with Cheatum’s findings 
in white-tailed deer), he does state that 
luteal cells have largely been crowded 
out by the 37th day following ovulation 
and replaced by white connective tissue. 
If pigmentation in deer is purely a 
function of age of the corpus luteum 
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rather than some other manifestation of 
pregnancy, it can be reasoned that it 
would not occur in the corpus luteum of 
pregnancy until some time after the 
14th or 15th day, which is the approxi- 
mate age at which the corpus luteum of 
ovulation in white-tailed deer com- 
mences to retrogress (Cheatum, 1949). 
How much additional time of pregnancy 
is required for pigmentation in deer is 
not known, but for certain tentative 
prenatal mortality determinations in 
this paper we are assuming 30 days. 
This period was selected on an arbitrary 
basis and might be longer or even a few 
days less. 

Another reason for the selection of 
30 days is that it probably occurs during 
the period of implantation. Dr. Cheatum 
states (letter of July 22, 1953): ‘Im- 
plantation does not occur in the white- 
tail deer until one month at least from 
the date of conception. It is at least 
this long before papillae of the placenta 
invade the cotyledons of the uterus.” 
Studies with sheep and cattle indicate 
that initial contact of the blastocyst 
with the uterus takes place during the 
first month of pregnancy—10 days for 
sheep (Green and Winters, 1945) and 
less than a month for the cow (Ham- 
mond, 1927). However, in the case of 
the cow, at least, it is not until some- 
time in the second month that there is 
actual invasion of the uterus by villi 
of the placenta (Hammond, 1927). 
These observations agree with 
Cheatum’s for white-tailed deer. We 
shall refer to 30 days or one month as 
the time of “implantation” in mule deer 
even though this time is probably inter- 
mediate between initial uterine contact 
by the blastocyst and firm attach- 
ment by means of villi invasion. 
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Ovaries from 482 of the 527 does 
showed evidence of current corpora 
lutea of pregnancy. All but 7 of the 
482 does contained live fetuses or visible 
fetal remains. It is believed that these 
does represented pregnancy failures 
after implantation, since their ovaries 
contained degenerating pigmented cor- 
pora lutea. Dr. Cheatum examined 
five of the seven sets of ovaries and his 
conclusions agreed with ours that the 
does had either resorbed their young 
during the late embryonic or early fetal 
stage or aborted so there were no re- 
mains. Abortion appeared quite certain 
in at least one instance. An old animal 
in poor physical condition with a large, 
open wound on the shoulder was killed 
in early April. Her enlarged uterus with 
no fetuses suggested a fairly recent 
abortion, possibly as a result of her 
injury. The uteri of two additional does 
were larger than found in nonpregnant 
does during the same period, and yet 
no fetuses could be found. The character 
of the regressed corpora lutea in ovaries 
of the remaining four does strongly 
suggested a pregnancy rather than a 
breeding failure. All seven does died 
during March and April, well after the 
time when ovulation normally ceases, 
which is added evidence that the 
corpora lutea were of pregnancy rather 
than simple ovulation. Also, the degen- 
erating corpora lutea present in the 
ovaries from these does were larger, 
3-5 mm. in diameter, than scars from 
year-old corpora lutea of pregnancy 
which are commonly no greater than 
1-2 mm. in diameter, and smaller than 
full-sized corpora lutea which range 
from 7 to 10 mm. at greatest diameter. 

Corpora lutea counts in the ovaries 
from 475 does in which fetuses or fetal 


remains were found gave a total of 853 
corpora for 789 embryos or fetuses (15 
of which had died prior to death of the 
does). This indicates that 92.5 per cent 
of the ova resulted in “implanted” 
embryos or a loss of ova during the 
first month following conception of 7.5 
per cent. 

Examination of one uterus, not in- 
cluded in the above calculations because 
of a missing ovary, suggested that pre- 
natal loss by resorption of a member of a 
litter of two or more, during the em- 
bryonic or even early fetal stage may be 
detected even though no remains are 
present. One horn of the uterus in this 
doe which was killed the 2nd of April, was 
enlarged and contained a normal healthy 
fetus. The other horn was flat and 
shriveled although still slightly larger 
than in a non-virginal doe not currently 
pregnant. In the enlarged horn con- 
taining the fetus were three enlarged 
caruncles with attached cotyledons of 
the placenta, but in the shriveled horn 
there were three caruncles which were 
very nearly the same size as found in a 
non-pregnant animal. This condition 
differs from that found in a doe having 
initially but a single embryo, in which 
case all caruncles in both horns are 
enlarged and serve as attachment points 
for the placenta. Consequently pre- 
natal mortality must have occurred 
after initial attachment of the blastocyst 
in the uterus. Abortion was unlikely 
because of presence of the normal fetus. 

Assuming that 92.5 per cent of the 
ova shed produce embryos which are 
alive at the end of the first month of 
pregnancy we can deduce that the 
seven does representing pregnancy fail- 
ures produced 11 embryos (12 corpora 
lutea times 92.5 per cent). Thus for the 


4 
an 
? 
i 
| 
Fy 


Fertinity oF Mute Deer In Utan—Robinette et al 


entire doe sample listed in Table 2, 
there were apparently 800 embryos 
alive at the end of the first month of 
pregnancy, represented by 774 which 
were alive when the does died, 15 which 
died and were found in utero, and 11 
calculated dead ones which were com- 
pletely resorbed or aborted prior to 
death of the does. 

The difference between 865 corpora 
lutea and 800 embryos or fetuses repre- 
sents the loss of ova (7.5 per cent) during 
the first month of pregnancy. The fate 
of these ova is not known. Some 
probably are not fertilized, whereas 
others are fertilized but lost through 
one cause or another. Studies by 


Tanabe and Casida (1949) indicate that 
much of the prenatal mortality among 
“repeat breeding’ cows occurs during 
the first month of pregnancy. They 
found fertilized ova in 66.1 per cent of 
animals slaughtered three days after 


insemination, but only 23.1 per cent 
34 days after insemination. Thus em- 
bryonic death amounted to 65 per cent 
during what was approximately the 
first month of pregnancy. 

The decrease from 800 embryos at one 
month of pregnancy to 774 live fetuses 
at time of death of the does, represents a 
loss of 3.25 per cent. Similarly it can 
be determined that the loss of ova from 
ovulation to the time the does died or 
were killed was 10.5 per cent or the 
survival was 89.5 per cent. It becomes 
desirable to know what proportion of the 
gestation period these values represent. 
The mean date of death for the does 
was about March 10. The date of death 
for many of the does could only be 
approximated. In many instances we 
could only indicate the month, and the 
15th was used to calculate the mean 
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date. Similar computations showed a 
mean conception date of December 1 
for 338 does whose dates of death were 
known and whose young were measured 
and aged through reference to a growth 
curve. Consequently the average doe 
examined in this study died about 100 
days after conception or about at the 
mid-point of the gestation period of 202 
days (Dixon, 1934; Doman and Ras- 
mussen, 1943; Nichol, 1938). 

Table 3 lists the data given in the 
foregoing discussion of prenatal mor- 
tality and in addition gives a breakdown 
of the does by mortality class. It can 
be noted that the loss of ova to the 
time of implantation was slightly greater 
for does that died of malnutrition than 
for those dying from some form of 
violence. There is an apparent contra- 
diction to the foregoing statement in the 
yearling data given in Table 2, since the 
loss of ova for yearlings dying from 
malnutrition was less (5.2 per cent) 
than for yearlings dying from violence 
(8.0 per cent). This gross difference 
probably is attributable to the higher 
ovulation rate of the latter group and 
the greater loss of ova associated with 
increased ovulation, as has been pointed 
out previously. Within individual cor- 
pora lutea or ova classes, however, the 
loss of ova was greater for the under- 
nourished yearlings. In addition the 
loss of young from the time of implanta- 
tion to the mid-point of gestation was 
greater for does dying of malnutrition. 
The difference in ova mortality is not 
statistically significant but it raises a 
point deserving further study. 

We found no significant differences in 
prenatal mortality by age class of the 
does. The losses from implantation to 
mid-pregnancy for yearlings, 2-year- 
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TasBLE 3.—Loss or Ova AND Empryos Durine First Hatr or Periop ror Mute 
Deer Dogs DyinG rroM MALNUTRITION OR VIOLENCE 


Class of Doe Mortality 
Malnutrition Violence All 

No. does examined for fetal and corpora lutea of preg- 

No. does having no corpora lutea of pregnancy........ 30 15 45 
No. does having current corpora lutea of pregnancy.... 191 291 482 
Total no. corpora lutea of pregnancy................. 335 530 865 
No. live embryos or fetuses found.................... 295 479 774 
No. dead embryos or fetuses found................... 6 9 15 
Pregnancy failures having current corpora lutea of preg- 

nancy but no young (no. c.l. in parentheses)....... 4 (7) 3 (5) 7 (12) 
Per cent embryos one month after conception to ova shed 91.77 92.95 92.50 
Per cent loss of ova during first month of pregnancy. . . 8.23 7.05 7.50 
Calculated no. embryos surviving first month of preg- 

nancy in pregnancy failures..................... 6.42 4.65 11.07 
Probable total number embryos surviving first month of 

Per cent prenatal loss from first month to midpoint of 

Per cent fetuses to ova shed at midpoint of pregnancy. 88.06 90.38 89.48 
Per cent estimated fetuses at parturition to ova shed . . 82.65 86.63 85.08 


olds, prime, and old does were found to 
be 3.04, 1.82, 3.18 and 3.69 per cent, 
respectively. Mortality percentages 
based strictly on visible remains of dead 
fetuses actually found, to all fetuses 
examined by technicians since 1950 have 
been: 2.39, 1.50, 1.06 and 2.97 per cent 
for the respective age classes based on a 
total of 945 fetuses and 18 remains of 
dead fetuses or an overall loss of 
1.90 per cent. The 1950 study showed 
only three dead or malformed fetuses 
out of 318 examined by technicians, for 
an incidence of 0.9 per cent. Altogether 
the incidence of 21 atrophic fetuses 
actually found has been 1.66 per cent 
based on a total of 1263 fetuses exam- 
ined by trained biologists. Taber (1953b) 
reports four abortive fetuses in a sample 
of 251 for Odocoileus hemionus spp. 
examined in California, an incidence of 


1.55 per cent, which is nearly the same 
as the Utah findings. 

Prenatal loss during the latter part of 
the gestation period is conjectural. 
Probably the best estimate at this time 
would be a linear projection of a line 
connecting the two plotted points repre- 
senting percentage of ova successfully 
implanted (30 days following concep- 
tion) and the percentage of live fetuses 
to ova shed at the mid-point of gesta- 
tion. On this basis the predicted per- 
centage of live fetuses at parturition 
in terms of ova shed would be 85.1 
per cent (Table 3 and Fig. 2). The pre- 
natal mortality rate might, of course, be 
greater or less during the last half of 
pregnancy than it is from implantation 
to the midpoint. Newsom (1952) states 
that in cases of enzootic abortion of 
domestic sheep prenatal losses are 
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x live fetus - ova relationship by months (total cerpora lutes 
count listed) 

© live fetus eva rel hip et “impl 4 end at mean 
date of death of does 


__—_ least squares fitting of monthly percentages 
—— straight line projection of two established points 
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PERIOD OF PREGNANCY 
Fie. 2.—Percentage relationships of live 
fetuses to ova shed for different months of 
pregnancy for Utah mule deer does. 


greatest during late pregnancy. With 
humans it has been found that under- 
nourished mothers have a higher in- 
cidence of premature babies and a 
higher mortality of full-term babies 
than do mothers having adequate diets 
(Baird, 1945; as quoted by Barcroft, 
1947). Studies by Wallace (1945) have 
shown that ewes on a high plane of 
nutrition from the 91st to the 144th day 
of gestation gave birth to twins weigh- 
ing about 57 per cent more at parturition 
than twins from ewes maintained on a 
low plane. It would seem that such 
undersized fetuses would have much 
less chance of survival, either in utero 
during late pregnancy, or after parturi- 
tion. 

On the other hand it might be argued 
that early prenatal losses tend to weed 
out faulty fetuses so that fewer should 
be lost in late pregnancy. Also, our 
aging of prenatal losses indicates that 
mortality may subside following the 


fourth month of pregnancy, but data 
were too few to determine accurately 
the distribution of mortality throughout 
pregnancy. We attempted to age 17 


-dead fetuses from 14 litters by 30-day 


intervals of pregnancy and have listed 
the results in Table 4 together with the 
number of litters examined. Actually 
only 371 litters were aged through fetal 
measurements but the percentage dis- 
tribution of these by 30-day classes was 
applied to the 531 litters from which the 
14 containing dead fetuses were found. 
Determining the incidence of pre- 
natal mortality during different periods 
of gestation posed a problem. For ex- 
ample, the nine litters containing one 
or more dead fetuses, listed for the third 
month of gestation were found not only 
in does examined in the third month of 
pregnancy but in the fourth and fifth 
months as well. Consequently in deter- 
mining the incidence of prenatal mor- 
tality for the third month it becomes 
obvious that one should count all of the 
litters examined after the third month, 
but it would not be proper to count all 
of those examined during the third 
month. Fetuses examined during the 
forepart of the third month might well 
have died before the end of month had 
the does lived. To compensate for this 
source of error we have added only half 
of the litters examined in the third 
month to those examined in subsequent 
months in computing prenatal mortality 
for the third month. A similar procedure 
was followed for the other months. 
Based strictly on results given in 
Table 4, it appears that the heaviest 
mort iity from the second through the 
fifth month of gestation, inclusive, 
occurred during mid-pregnancy, or in 
the third and fourth months. Obviously, 
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TaBLe 4.—INcIDENCE oF Prenatat Mute Deer sy 30-pay INTERVALS FROM 
IMPLANTATION THROUGH FirtrH Monts or GESTATION 


Months 2 3 


Interval of Gestation 


4 5 6 7 Total 


Days (30-59) (60-89) (90-119) (120-149) (150-179) (180-202) 


No. litters in which one 
or more dead fetuses 
were found and aged. 

No. individual dead fe- 


No. individualsexamined 89 
No. litters upon which 
incidence of prenatal 
mortality is based... 498 
No. individual fetuses 
upon which incidence 
of prenatal lossis based 837 694 
Incidence of prenatal 
mortality 
Litters (per cent). . 0.2 2. 
Individuals (percent) 0.1 1. 


2 
4 


364 70 


1.4 0.0 os 
1.4 0.0 


1 The single prenatal loss found for the 6th month of pregnancy was a mummified fetus that 
had passed term during a gestation period prior to the current one. Hence, we are omitting it 


from these calculations. 


the percentage would change if we could 
include records for the seven does in 
which abortion or complete early re- 
sorption occurred. However, results 
based on visible fetal remains agree with 
those of Brambell (1948) in his compre- 
hensive study of the wild rabbit in 
England. He found that prenatal mor- 
tality, following implantation, reached a 
maximum from the 11th to the 16th 
day, or at about the mid-point of a 
30-32 day gestation period. On the 
other hand, Corner (1923), reports a 
heavier mortality of pig embryos during 
early and late pregnancy than during 
mid-pregnancy. 

Monthly percentages of live fetuses in 
terms of ova shed indicate an irregular 
decline from January to April (Fig. 2). 
The percentages for the different 


months, with total corpora lutea counts 
in parentheses, were: January 95.0 
per cent (80); February 88.8 per cent 
(143); March 89.2 per cent (545); 
April 86.8 per cent (91) and May 100 
per cent (4). A least-squares fitting of 
the monthly percentages (May excluded 
because of an inadequate sample) to a 
straight line gives a projection of about 
82.3 per cent at parturition. There are 
too few points to indicate accurately the 
course of the line, i.e., whether it should 
be straight or curved, so that extra- 
polation is rather hazardous. Until larger 
samples can be obtained for January, 
April, May and June, our best pre- 
diction of late prenatal losses probably 
is the straight line projection first 
discussed, although there is a suggestion 
in Table 4 that losses may subside 


- tuses found......... 1 10 5 0 1 0 17 
No. litters examined... 53 116 283 66 6 0 524 
F 466 122 9 0 881 
oe 213 39 3 0 
. 
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following the fourth month of preg- 
nancy. 

The single prenatal loss shown in 
Table 4 for the sixth month of gestation 
(May) may appear at variance with 
data given elsewhere in this report, in 
which for four corpora lutea found in 
two does examined in May, we listed 
100 per cent as the relationship of live 
fetuses to corpora lutea. The old doe 
(No. 701) carrying this particular fetus 
was killed and examined March 26. Her 
single mummified fetus, however, had 
passed term during some previous gesta- 
tion period (Fig. 3a). It was haired out, 
misshapen and calcified. The uterine 
and fetal fluids had been resorbed result- 
ing in the placenta and uterus so closely 
adhering to the fetus that in their 
removal some of the hair was stripped 
from the fetus. The ovaries from this 
particular doe contained a single corpus 
luteum which may have _ regressed 
slightly but with a maximum diameter 
of 7.5 mm. it was still as large as many 
full-sized ones which, judging by those 
the writers have measured, commonly 
range from 7 to 10 mm. at greatest 
diameter. The corpus luteum did, how- 
ever, show a slight brownish-orange 
pigment even though there had been 
but little regression in size. 

Examinations were made of ovaries 
from three other does that retained 
fetal remains of entire litters. Two of 
these contained full-sized, normal- 
colored corpora lutea, whereas the third 
showed some pigmentation and regres- 
sion in size. One animal having normal 
appearing corpora lutea was a yearling 
whose twin fetuses had died perhaps a 
month and a half before. The fetuses 
were an estimated 75 days of age at 
death, whereas the doe had died March 
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28, and fetal aging has shown that the 
mean breeding date for yearlings is 
about December 4. Nearly all of the 
fetal fluids had been resorbed and 
unlike other resorbed fetuses we have 
found, these emitted a particularly 
foul odor. The other doe having normal 
appearing corpora lutea had lost her 
fetuses probably not much more than a 
week before her own death. The doe 
having regressing, pigmented corpora 
lutea was a yearling that died April 4 
with twin fetuses estimated 112 days old 
at death. The corpora lutea in this doe 
showed evidence of degeneration both in 
size (about 6 mm. in diameter) and in 
pigmentation. This degeneration was in 
contrast to the normal appearing cor- 
pora lutea noted for the yearling doe 
which died March 28 and whose fetuses 
were in a more advanced state of de- 
composition. 

Reasons for delay in degeneration of 
the corpora lutea in instances of pre- 
natal mortality such as those mentioned 
above, and especially of the doe with 
the mummified fetus which had passed 
term, are not fully known. In the human 
and a few other mammals it has been 
found that the placenta secretes a 
hormone known as the chorionic gonado- 
trophic hormone which, among other 
functions, maintains the corpus luteum 
of pregnancy (Newton, 1938; Novak, 
1952). It is possible that in does re- 
taining dead fetuses the placenta may 
continue to secrete a sufficient amount of 
this hormone to prevent degeneration 
of the corpora lutea for several weeks or 
even months following fetal death. 
Hammond (1927) states that expulsion 
of retained mummified fetuses in the 
cow has been obtained by squeezing 
out the corpus luteum—a means of 
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causing artificial abortion. There ap- 
pears to be an interacting influence of 
hormones produced by the corpus 
luteum in maintaining pregnancy and 
hormones produced by the placenta in 
maintaining the corpus luteum. 

Prenatal deaths in several species of 
mammals have reportedly involved a 
disproportionately high percentage of 
males (Asdell, 1946). In the present 
study we were successful in sexing but 11 
prenatal losses. Six of this number were 
males and five were females giving a 
ratio differing but little from the 111 
males per 100 females derived from a 
total of 1169 live fetuses which the 
writers have sexed to date. 


Twenty-one dead or malformed 


fetuses have been examined by the 
writers and only two were from single 
litters for an incidence of 0.7 per cent for 
301 litters. Mortality was substantially 
greater among twins where 18 dead 


fetuses involving 15 litters (12 where one 
member was dead and three where both 
members were dead) were found in 
465 litters giving an incidence of 1.9 
per cent for individuals and 3.2 per cent 
for litters. The increased mortality with 
litter size is in keeping with what is 
known of humans and several species 
of domestic livestock (Asdell, 1946; 
Strandskov and Ondina, 1947). 


MISscELLANEOUS NorEs 


Two instances of everted corpora 
lutea were encountered similar to what 
Harrison (1948) (after Van der Horst 
and Gillman, 1942) has shown for 
Elephantulus. The rarity of everted 
corpora lutea in mule deer may be 
appreciated when it is considered that 
these were the only ones found out of 
about 900 examined. The corpora lutea 


in question were spherical in form and 
completely everted, one even being 
supported by a slender peduncle. 

The uterus and attached mesenteries 
of an old doe (No. 1010) were covered 
with small pus nodules. The doe was 
not pregnant and her ovaries were 
either destroyed or so obscured that 
they were not even found. Dr. Huffman 
believed this to be a case of caseous 
lymphadenitis. 

Another doe (No. 705) had no young 
and her ovaries were enlarged and 
diseased, being nearly black on the 
exterior and filled with small pockets 
containing thick, cheesy-appearing pus. 
Doe No. 843 had twin fetuses with two 
corpora lutea in one ovary, but the 
other ovary with no corpora lutea con- 
tained a pus-filled sac nearly the size 
of a corpus luteum. 

Another doe had a kidney enclosed 
in a distended cyst or sac of connective 
tissue which contained nearly a quart 
of what was presumed to be urine. 
Further examination revealed a block- 
age of the ureter by an infection and 
accumulation of caseous pus. 

One of the seven does mentioned 
earlier as current pregnancy failures was 
a yearling (No. 681) that had a pus 
pocket near the cervix. A large amount 
of blood in the body cavity prevented a 
close examination of the exact location 
and extent of the infection; but the 
pocket was opened and considerable 
pus was noted as the cervix was severed 
in the process of removing the uterus. 
It is possible that diseased tissue in 
such close proximity to the uterus 
could have been instrumental in loss of 
the litter. 

Seven does, examined for pregnancy, 
had broken limbs—presumably from 
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. 3. Examples of atrophic fetuses. 


a Prenatal loss of the sixth month of pregnancy. The doe had apparently lost ability to 
give birth to this mummified fetus which had passed at least one parturition period. 

b Mummification of a prenatal loss of 9th or 10th week of pregnancy. Its twin was a normal 
fetus in the 14th week of pregnancy. 


ec Twin fetuses in which death came to the partially resorbed one nearly three weeks prior 
to death of the doe. 


d Uterus (from doe about 17 weeks pregnant) containing a normal fetus in the enlarged 
horn and a resorbed fetus in the smaller, shrunken horn on the right. 


e Fetuses taken from uterus shown in Fig. 3d. 
f Mummified fetus shown in Fig. 3e. Fetus probably died during 12th week of pregnancy: 
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past gunshot wounds. They averaged 
one fetus each, which is substantially 


less than the 1.5 given in Table 1. As 
would be expected, these does were in 
poorer than average condition, and it 
is believed this explains the lower pro- 
ductivity. 

Another doe had a pedicle, about 1} 
inches in length, arising from the frontal 
bone at the same point where the left 
antler pedicle is commonly located on 
bucks. It did not appear that the doe 
had produced any antler growth, how- 
ever. She was pregnant with twin 
fetuses. 

Examination of the udder of a prime 
doe (No. 491), another of the pregnancy 
failures, indicated that she had not 
nursed fawns the previous fawning 
season. An ovarian analysis revealed 
what were believed to be two, one-year- 
old pigmented corpora lutea which were 
smaller than normal. This suggested 
that the doe may have repeated as a 
pregnancy failure. 

An abnormal growth found on one 
ovary of doe No. 634 was determined to 
be a dermoid cyst by Dr. Binns. This 
cyst was 15 mm. at its greatest diameter 
and mostly filled with a thin, colorless, 
gelatinous substance together with some 
white pultaceous material and inter- 
mingled hair. Two theories as to the 
origin of dermoid cysts are that they 
develop from blastomeres or from sex 
cells through parthenogenesis (Novak, 
1952). Presence of the cyst did not 
appear to interfere with reproductive 
success. The doe had twin fetuses and a 
corpus luteum in each ovary. 

A fetus, about 142 days of age and 
taken from doe No. 1061, had a rather 
conspicuous umbilical herniation. An 
oblong bulge about 1.5 x 2.0 inches was 


noted in the umbilical cord adjacent 
to the abdomen of the fetus. The fetal 
intestines were readily discernible 
through the umbilical sheath. It seems 
doubtful that a fawn so afflicted could 
survive for long after parturition. 


SUMMARY 


In pregnancy examinations of 677 
mule deer does in Utah it was found 
that sexual maturity is attained during 
the second breeding season. Breeding 
suecess in 6- to 8-month-old does in 
Utah probably is less than three per 
cent. The fetal rate for yearling does 
was 1.11 which is about two-thirds the 
1.69 rate of older does. We believe that 
there is no impairment of fertility until 
an age of at least 11 or 12 years. Two- 
year-old does exhibited the highest rate 
of pregnancy (99 per cent) but no cases 
of triplets were found, whereas, in the 
prime and old groups, triplets were 
found in 2 to 3 per cent of the pregnant 
animals. The fetal rate at mid-pregnancy 
for the “average” doe was determined 
to be 1.52. 

Circumstantial evidence indicates 
that condition of the summer range is of 
greater importance than winter range 
in determining fertility of sexually 
mature does. However, there is some 
indication that the two seasonal ranges 
may be of near equal import in deter- 
mining productivity of immature does. 

The ovulation rate increases with 
each of the four age classes of does here 
recognized, but the mortality rate of 
Ova increases conspicuously with the 
number shed. 

At mid-pregnancy, which represents 
the mean date of death for the does 
examined, there was a survival of ova 
(as determined by live fetuses compared 
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with corpora lutea of pregnancy) of 
89.5 per cent. The percentage of shed 
ova which survive to parturition has 
tentatively been computed as 85.1. 
There were cases of prenatal mortality 
in which fetal remains were found and 
others in which none were found, but 
there was evidence in the form of en- 
larged uteri and/or pigmented degener- 
ating corpora lutea that the does had 
been currently pregnant. 

Some evidence was obtained that 
prenatal mortality may decrease after 
the fourth month of pregnancy. Mortal- 
ity from “implantation” (which we are 
tentatively considering to be 30 days 
after conception) until mid-pregnancy, 
was determined to be slightly over 3 
per cent. Prenatal mortality was found 
to be greater in twin litters than in 
single litters and appeared to be slightly 
greater in does dying from malnutrition 
than in does dying from violence. Based 
solely on dead fetuses found, mortality 
during the first half of pregnancy was 
1.66 per cent as determined from 21 
atrophic fetuses in a total of 1263 
fetuses examined. 

The writers have sexed 1169 live 
fetuses which gave a ratio of 111 males 
to 100 females. Eleven atrophic fetuses 
were sexed giving six males and five 
females. There was some evidence of 
identical twinning by mule deer. 
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WEATHER AND FALL PHEASANT POPULATIONS 
IN IOWA! 


Edward L. Kozicky, George O. Hendrickson, Paul G. Homeyer 
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and 
Richard Nomsen 


Iowa State Conservation Commission, Des Moines, Iowa 


Weather has been used as an ex- 
planation for fluctuations in size of 
ring-necked pheasant (Phasianus col- 
chicus) populations during the past 


1 Journal Paper No. J-2389 of the Iowa 
Agricultural Experiment Station, Ames, Iowa. 
Proj. 497. Fish and Wildlife Service (U. S. 
Department of Interior), Iowa State College, 
Iowa State Conservation Commission, and 
the Wildlife Management Institute cooper- 
ating. 


two decades. In general, biologists agree 
that weather during the spring period 
is the most critical, especially in the 
prairie states. The concensus is that 
cool, wet springs are not conducive to a 
high rate of pheasant production (Einar- 
sen, 1945; Allen, 1946, 1947; Perry, 
1946; Ginn, 1948; Dustman, 1950; 
Erickson, e¢ al., 1951) and the im- 
portance of spring weather conditions is 
stressed by Graham and Hesterberg 
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(1948). It was found with the use of 
climatographs that conditions were very 
similar between the first of April and 
the first of June in areas where the 
pheasant was successful. 

The influence of winter weather also 
can be important. Green (1938) re- 
vealed that 48.2 per cent of the birds on 
4900 acres in Iowa perished primarily 
from freezing and choking during the 
winter of 1935-36. Kimball (1948) 
stated that heavy winter mortality is 
experienced approximately one year 
out of six in South Dakota. 


METHODOLOGY 


In order to evaluate temperature and 
rainfall, on a quantitative basis, as 
factors in the fluctuation of pheasant 
populations within lIowa’s primary 
pheasant range of 33 counties, it was 
decided to examine the fall roadside 
pheasant census (Bennett and Hendrick- 


son, 1938) data from 1936 through 1952 
for possible weather relationships. This 
task included a statistical evaluation of 
the roadside census so that an estimate 
was available for the annual change 
necessary in the census to predict 
population changes at various probabil- 
ity levels (Kozicky, et al., 1952). At 
first an attempt was made to analyze 
spring weather conditions and the 
percentage of annual population changes 
by multiple regression. In order to do 
this, two major assumptions were neces- 
sary: (1) that the habitat has remained 
essentially unchanged throughout the 
17-year period and (2) that the pro- 
duction response of pheasants has not 
been governed by the population level 
of the species. 

Habitat changes have occurred during 
the 17-year period. The amount of 
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suitable, safe nesting cover has de- 
creased (Faber, 1948; Leedy and Dust- 
man, 1947). Farming practices as well, 
have changed. During the period 1939- 
41 on the 1520-acre Winnebago Pheas- 
ant Research Area in Iowa, approxi- 
mately 41 per cent of the nests were 
destroyed by agricultural activities 
(Baskett, 1947); by contrast, in 1952, 
over 90 per cent were destroyed. Also, 
the rate of injury and mortality to 
nesting hens has increased from an 
average of 6 per cent during 1939-41 
to 25-35 per cent during 1952-53. 

The influence of population levels on 
production was best depicted in 1938, 
1939, and 1948. These years were pre- 
ceded by a series of seasons that were 
adverse to pheasant production, the 
severe winters of 1935-36 and 1936-37 
and the cool, wet springs of 1945 through 
1947. When conditions were again 
favorable, the pheasants reproduced 
rapidly because of low population pres- 
sures. Similarly, as the pressure in- 
creased in 1941 and 1942, the response of 
pheasant production to favorable 
weather conditions was much lower 
(Table 1). 

To obtain the average temperature 
and rainfall for the 33 counties, one 
centrally located weather station was 
selected in each county. The mean 
temperature and the total rainfall was 
recorded for each station for each 
month from December through June. 
(See Table 2). From these data a 
monthly mean temperature and mean 
total rainfall was derived for each year. 
Then, for comparative purposes, a 17- 
year mean and a 95-per cent confidence 
interval (Snedecor, 1946) were com- 
puted for each month. With these two 
sets of data a table (Table 2) was pre- 
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TaBLE 1.—Fatt Roapsipe Census Data 
For 33 Iowa Countizs, 1936 - 1952 


Pheasants Percentage Percentage 
per mile Increase* Decrease* 


29.0 


8 
©o oO 


42.7 


* A 16 per cent difference is necessary in the 
mean number of birds per mile before a 
population shift can be estimated on an annual 
basis at the 0.10 probability level. (Kozicky, 
et al., 1952). 


pared to show the deviations for tem- 
perature and rainfall from the 17-year 
means by month and year. In the 
evaluation of the deviations of tem- 
perature from the 17-year mean the 
95-per cent confidence interval was 
used; that is, when the departure 
from the mean was more than the 
interval, the month was considered to 
be either colder or warmer than normal. 

The appraisement of precipitation 
presented other problems. The mean 
total for any month may not be as 
important as the timing, intensity, and 
type of precipitation (MacMullan and 
Eberhardt, 1953). Perhaps this was the 
reason that monthly deviations from 
the mean total precipitation failed to 
show any clear relationships with pheas- 
ant fluctuations. 


For the purpose of detecting popula- 
tion changes, an increase or decrease of 
16 per cent from the roadside-census 
data of the preceding fall was considered 
a change at the 0.10 probability level 
(Kozicky, et al., 1952). Therefore, pheas- 
ant production in any year was con- 
sidered to be more than (increasing), the 
same, or less than (decreasing) the 
previous year. 


WINTER PERIOD 


The critical winter period was taken 
to extend from December through 
February. Temperature means for No- 
vember and March were in the vicinity 
of the freezing point but, although 
analyzed, were not considered impor- 
tant. The most severe winter was in 
1935-36, when temperatures were below 
normal for three months, 2.4, 10.5 and 
18.6 Fahrenheit degrees, and record 
lows were established. Precipitation was 
within the normal range in every month 
but February. The winter of 1936-37 
was severe in that the average tem- 
peratures for January and February 
were 9.3 and 3.8 F. degrees, respec- 
tively, below normal whereas the pre- 
cipitation was above normal in Decem- 
ber and January. The only other winter 
period that showed similar low tem- 
peratures was 1942-43 when December 
and January were 5.2 and 4.3 F. degrees, 
respectively, below normal. With the 
possible exception of 1936-37, the mean 
total precipitation was not important; 
however, during periods of abnormally 
low temperature, snow and ice probably 
persisted for a longer period, which in 
turn reduced the available food supply. 
Also, wind velocity during snowstorms 
is difficult to evaluate and is important 
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Month 
1 | | Dee. Jan. Feb. March April May June 
40.1 40.3 408 -08 -15 
—2.4 -10.5 -18.6 42.8 -3.9 +5.5 +40.1 
+0.3 +06 -0.2 +409 405 #-0.3 
43.3 +083 -38 -18 -14 4123 
-03 -02 -0.1 +10 4380 -03 
406: +41 460 +415 0.0 
41.7 48.7 —4.1 46.9 48.1 
—0.5 -06 -01 -0.8 403 -2.2 
$8.4 -6=8 43:1 444 
+0.2 40.1 -0.4 --09 -0.1 -09 +40.6 
+38.2 44.5 -0.6 -0.9 +5.1 +5.9 +40.6 
+0.4 -0.4 -0.4 405 -1.2 409 +40.7 
+7.1 48.4 +12 +440 46.2 -1.8 -0.3 
, PO —0.8 0.0 —0.1 —0.1 +0.4 +1.9 +0.7 
42.8 +123.3 440 -4.7 -8.9 483.9 
| —0.3 —0.4 +0.4 +0.6 +1.9 +1.9 —0.5 
—-2.9 +13 42.8 +103 -0.9 -58 
—7.0 +0.2 
~03 405 +413 -86 - 44: 
43.6 47.5 -45 -60 <8.7 
40.2 -1.0 40.8 -03 40.7 -1.9 -0.9 
-0.9 +1.2 -8.5 464. -13 
40.5 +1.0 -6.7 468 -1.3 
-10 -8.4 +04 +11 43:1 48:8 
40.1 403 -06 -0.1 +10 
41.8 -3.5 -0.4 -48 -7.0 -18 -0.7 
—0.1 -0.6 +1.4 42.0 429 40.3 +1.4 
0.0 4408 -0.5 40.7 -12 -05 -0.4 
~48 -03 +69 -3.1 -13 445 
1.07 1.09 1.89 2.52 4.11 5.24 
16.27 19.78 32.44 47.06 59.32 68.18 
} 
| —— 
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in the freezing and choking of pheasants 
(Green, 1938). 

In short, it appeared that two months 
of consecutive low temperatures from 
December through February were detri- 
mental to fall pheasant populations by 
reducing the breeding stock. This state- 
ment is based on the premise that the 
spring weather conditions in 1936 and 
1937 were considered to be conducive 
to an increase in the fall pheasant 
population, but the increase failed to 
materialize. In the spring of 1943, a 
year of population decline, the influence 
of two successive months of subnormal 
winter temperatures on subsequent 
pheasant production was confounded 
with an unfavorable spring period. All 
other winter weather conditions during 
the 17-year period were considered 
normal. Spectacular storms, such as the 
one on November 11, 1940, (Scott and 
Baskett, 1941), made newspaper head- 
lines but were not of apparent impor- 
tance in influencing fall pheasant popu- 
lations. 


SPRING PERIOD 


The spring period that appeared to 
have significance in the resulting fall 
population was March through June. 
Here again temperature deviations from 
the 17-year normal presented the best 
biological explanation of changes in 
annual fall pheasant populations. May 
and June appeared to be critical months 
in years when the winter weather was 
not subnormal. The fall pheasant popu- 
lation showed a decrease when either 
one or both of these months had temper- 
atures below normal (1943, 1945— 
1947, and 1951). Normal or above- 
normal temperatures in May and June 
were followed by fall pheasant popu- 


lations that either remained the same or 
increased. 

March and April temperatures were 
not as critical but were probably im- 
portant in the timing of pheasant nest- 
ing activities (Buss and Swanson, 1950). 
A warm March and/or April did not 
appear to be conducive to an increasing 
pheasant population when followed by a 
cold May and/or June (1945 and 1946). 
On the other hand, a cold March and/or 
April followed by a normal or warm 
May and/or June resulted in the 
pheasant population remaining the same 
or increasing (1940, 1944, 1950, and 
1952). Normal or above temperatures 
throughout the spring period were 
prevalent in years when the pheasant 
population remained the same or in- 
creased (1938, 1939, 1941, 1942, 1948, 
and 1949). 

Precipitation during the spring period 
was closely correlated with temperature. 
By adding the deviations from the mean 
for May and June, the relationship 
became apparent. For instance, during 
this period in 1938 and 1944 an excess of 
1.8 and 2.6 inches, respectively, fell; 
but temperatures were normal or above 
in May or June. The pheasant popu- 
lation showed a fall increase. By con- 
trast in 1945, 1947, and 1951, when the 
excess rainfall amounted to 1.4, 3.5, and 
1.7 inches, respectively, and temper- 
atures were below normal in May and 
June, the fall pheasant population 
decreased. 


DIscussION 


Although a 17-year period may appear 
to be a sufficient time in which to draw 
conclusions about weather and _ its 
effect on pheasant populations, there 
are many unevaluated combinations of 
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temperatures and/or rainfall during 
winter and spring. Considering tempera- 
tures alone during December through 
February, there were 27 permutations. 
This analysis has been based on 13 of the 
27 and the majority of these have only 
been observed once with a maximum of 
three observations on one permutation. 
Likewise, the spring weather of March 
through June had 81 temperature per- 
mutations, of which 13 have been 
studied and only two years had the same 
arrangement. 

Even if temperatures during March 
and April are disregarded and only 
those of May and June considered, 
there are nine permutations; only eight 
have been examined. No evaluation has 
been made of a warm May and a cold 
June, and the influence of a cold May 
and a warm June is confounded by the 
winter of 1942-43. The addition of 
precipitation to temperature factors 
greatly increases the unevaluated re- 
lationships. Therefore, the analysis pre- 
sented herein is tentative and will have 
to be corroborated or refuted by 
additional data on climate and pheasant 
populations. At the moment reasonable 
climatic explanations for the fluctuations 
in pheasant populations have been 
offered. Nevertheless, further annual 
observations may show that some of the 
indicated relationships are doubtful. 

There is obvious need for a better 
understanding of what constitutes a 
critical deviation from the mean temper- 
ature or rainfall. In this analysis mathe- 
matical instead of biological criteria were 
used. 


It was necessary for us to assume that. 


the age-structure (Moran, 1954) of the 
pheasant population was constant, acted 
in a random manner over the region, or 
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was masked by weather conditions and/ 
or our qualitative statements on popu- 
lation changes. Local population studies 
on the 1520-acre Winnebago Pheasant 
Research Area revealed an apparent 
increase in “nesting effort’? in 1941 
(Kozicky and Hendrickson, 1951), which 
was postulated to be a resultant of 
age-structure. 


SUMMARY 


1. An attempt was made to deter- 
mine the relationship of the fall road- 
side census from 1936 through 1952 
within Iowa’s primary pheasant range 
and winter and spring mean temper- 
atures and mean total precipitation. 

2. The rate of pheasant production 
was apparently related to changes in 
habitat and population level. 

3. Two months of continuous sub- 
normal temperatures from December 
through February apparently influenced 
the subsequent fall pheasant population. 

4. Cold temperatures in May and/or 
June were not conducive to an increase 
in fall pheasant populations. 

5. A warm March and/or April did 
not have any discernible benefits to 
pheasant production over a normal and/ 
or cold corresponding bimonthly period. 
In fact, a warm March and April accom- 
panied by a cold May, 1946, was fol- 
lowed by a decrease in the fall pheasant 
population. 

6. Above normal mean total pre- 
cipitation in conjunction with low temp- 
eratures were only evident in years of 
decreasing fall pheasant populations; 
with high temperatures, precipitation 
had no apparent adverse effect on fall 
pheasant populations. 

7.-Normal spring weather prevailed 
during years in which the fall pheasant 
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population remained the same or in- 
creased, depending to an undetermined 
extent on the level of the pheasant 
population. 

8. The present analysis merely repre- 
sents the weather-pheasant relation- 
ships for the past 17 years. Some permu- 
tations of temperature and precipitation 
have been examined only once, and 
many not at all. 
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In order to understand the issue of 
deer management, a knowledge of the 
social and economic forces out of which 
the problem arises is required. It should 
be recognized that deer management is 
only part of the general problem of 
wildlife management which is part of 
a still larger problem involving proper 
resource allocation and use. 


Historically, there have been three 
evolutionary phases of wildlife manage- 
ment. The first phase existed before the 
advent of the white man. Natural laws 
of survival maintained a balance be- 
tween the numbers and kinds of wild- 
life, and between food and cover. Wild- 
life management issues did not exist 
because there was no complex society 
in which they could generate. The 
second phase was one of relative under- 
population of wildlife resulting from 
its exploitation by the white man. A 
gradual depletion of many game species 
took place. Despite the fact that the 
opening of the land for agriculture 
reduced the natural habitat, the result 
was an underpopulation of many wild- 
life species, relative to the carrying 
capacity of the remaining habitat. 
This became a serious problem in 
underutilization of resources because 
the land available for production of 
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wildlife was not used to capacity. In- 
creasingly favorable habitat conditions, 
along with legislative policies and re- 
habilitation programs solved the under- 
population problem for certain species. 
But the continuation of these policies 
and programs in turn led to the current 
third phase of overpopulation in some 
species. Deer is one of the major species 
which suffers from chronic overpopula- 
tion in certain areas. 

There are two basic factors out of 
which the deer problem emerges; the 
allocation of a scarce resource among 
competing ends, and the concept of 
property rights. 

Land, not deer, is the scarce resource 
involved in deer management. Land is 
essential to the achievement of many 
diverse social and economic ends, such 
as those of agriculture, living space, 
and wildlife. Conflicts arise because of 
competition between different interests 
for the same land and are accentuated 
by our system of property rights. The 
deer herd is public property which is 
held in trust by the state, whereas much 
of the land on which the herd feeds is 
private property with all the attendant 
rights and privileges. Even though 
private landowners support the herd, 
they generally have no greater claim 
than any other individuals to the deer. 
Some feel this is adverse to private 
property rights. Furthermore, since 
the herd is public property, it would 
seem that the public has the right to 
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pursue it. This feeling on both sides 
furnishes more basis for conflict. 

An additional point is necessary for 
understanding the deer management 
problem. The area of greatest conflict, 
between farmers and the other groups, 
tends to be geographically delimited. 
The problem arising out of damage to 
farm crops usually is not serious in 
intensively agricultural regions for there 
are few deer; it is not serious in heavily 
wooded, non-agricultural areas for there 
is no agriculture, but it is serious in 
marginal areas where there is com- 
petition between agriculture and deer 
for the same land. The geographic limits 
of the conflict areas, therefore, con- 
dition the economic and social implica- 
tions of the problem. 

The effects of these underlying forces 
and situations are manifested as con- 
flicts between four broad social groups. 
First, there are the commercial farmers 
whose goal is to obtain maximum 
economic returns from farming. A 
necessary condition for reaching this 
goal is the elimination of crop damage 
by deer which may call for a reduction 
in deer numbers. Second, there are the 
sportsmen whose objective is to fully 
utilize the recreational value of deer 
by striving for a larger herd. Third, 
there are the businessmen whose welfare 
depends upon income from hunters. 
Their objective is to derive maximum 
returns from their business ventures. 
The means of attaining the objectives 
of both the businessmen and the hunters 
is the same because both groups desire 
a large herd. Consequently, the actions 
of one group bolster those of the other. 
The effect of this complementary action 
may make these two groups appear 
more important than would otherwise 


be the case. Fourth, there is society, 
which includes everybody, and conflicts 
here are of a higher category than those 
of the other groups. The objective of 
society as a whole is to obtain the 
greatest benefits for social welfare. Here 
it is necessary that our natural resources 
be allocated and used in such a way that 
the greatest amount of good accrues to 
the greatest number of people. Under 
this ideal position no other combination 
of resource uses could add further to the 
total social welfare. 

There are special situations of con- 
flict caused by the over-population of 
deer. 

1. Between farmers and _ hunters. 
Farmers cannot obtain their maxi- 
mum economic returns because of 
damage to crops and pasture. In- 
considerate hunters damage fences and 
crops, and endanger livestock by their 
careless actions. To post land in order 
to eliminate damage by hunters merely 
establishes a haven for the herd, and 
consequently results in more damage 
by deer. Also, many farmers must 
eliminate from their rotation certain 
profitable crops that are especially 
susceptible to deer damage. Hunters 
are pleased with large deer herds, 
which is inconsistent with the goal of the 
farmers. Sportsmen are sometimes sub- 
ject to certain retaliatory measures by 
disgruntled landowners; lands are 
posted, charges made for hunting, 
parking, and so forth. Such measures 
do not lead to amicable relations. 

2. Between farmers and _business- 
men. It was pointed out that the 
means is not the same; only the 
objective of the businessmen and the 
hunters is a large herd, and thus there 
is a conflict between the businessmen 
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and the farmers. In rural areas with 
large, urban trading centers, farmers and 
businessmen are not closely associated 
and the conflict is usually more pro- 
nounced. The conflict will be most 
pronounced between farmers and those 
businessmen engaged in enterprises the 
success of which depends primarily on 
the amount of hunting in the area. 

3. Between hunters and businessmen. 
When the deer herd is too large, hunters 
may be subject to excessive charges for 
room, board, and other services by a 
few local businessmen because the 
facilities are overtaxed. 

4. Between all groups and society. 
Each of the three groups, farmers, 
hunters, and businessmen, may and do 
conflict with society as a whole. In 
fact, the only reason there is any conflict 
in society is because there are groups 
and individuals within it whose ob- 
jectives differ. But when society is 
considered individuals must be dealt 
with. Thus there is the problem of how 
to measure the costs and benefits of the 
deer management program. On a com- 
munity-wide basis, costs of damage can 
be measured against income derived 
from hunters. However, individuals find 
little comfort in this procedure because 
the loss through deer damage is borne 
by one group while the direct monetary 
benefits of hunting in the area usually 
accrues to another. 

5. Among sportsmen. An overpopula- 
tion of deer may result in an internal 
inconsistency among sportsmen and 
prevent their utilizing the full recre- 
ational value of the herd. Too many 
deer results in an inferior herd with a 
large proportion of small deer, poor 
racks, winter die-offs, single births, and 
so forth. Also when deer are numerous, 
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the so-called meat-hunters appear in 
greater numbers. Their emphasis is 
on the kill rather than on the sporting 
value of the chase, but the true sports- 
men must compete with them. In 
addition, the personal danger to hunters 
is increased by mass hunting procedures 
characteristic of areas heavily populated 
with deer. For these reasons an overly 
large herd may not provide as much real 
satisfaction on a hunting trip as a 
smaller herd. 

This situation can be illustrated by 
means of a diagram as in Figure 1. 


SIZE OF DEER HERD 


Fig. 1. Relationship between size of deer herd 
and its recreational value. 


If the recreational value of the deer 
herd is plotted along the vertical axis 
and the size of the herd is plotted along 
the horizontal axis, then curve OR 
depicts the amount of recreational value 
derived from different sized herds. As 
the herd increases in size, from O 
toward A, its recreational value in- 
creases from O toward Y. The curve also 
indicates that when the herd reaches 
size OA it affords a maximum (OY) of 
recreational value. If the herd is in- 
creased beyond OA, its value declines 
and the larger herd actually yields less 
recreational value than a smaller one. 
Only the major, more tangible areas 
of conflict have been discussed. The 
lines of conflict are not always sharp, 
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for each group tends to be inconsistent 
within itself. The important thing is to 
realize that these conflict areas do 
exist, and that they merely are overt 
manifestations of the competitive strug- 
gle between major interest groups to 
utilize a scarce resource for the attain- 
ment of divergent and mutually incon- 
sistent ends. Thus it is impossible to 
treat the problem without some under- 
standing of these ends. It~is equally 
impossible to decide what is right and 
wrong on the basis of claims of the 
conflicting groups. The problem is to 
compromise the conflicting interests of 
various groups within the framework 
of the aggregate group, society. In the 
final analysis, the objective of society 
probably is the most desirable criteria 
for allocating resources between wild- 
life production and other uses. 

The employment of a given resource 
in the production of any commodity, 
whether economic or social, when some 
other use of that resource would con- 
tribute more to the well-being of the 
society represents a net loss to the 
society. In the case of overabundant 
deer, the net social product is reduced 
by the amount that the damage to farm 
crops exceeds the added recreational 
value obtained from the excess deer. 
If a herd that is too large adds no 
additional recreational value when com- 
pared to a smaller herd, then all crop 
damage must be considered a net loss 
to society. An increase in the size of 
a herd could be justified only in the 
improbable case where one group would 
be no worse off and some group(s) 
would be better off. Likewise, a herd 
smaller than the available habitat will 
support, would make it impossible for 
some groups to obtain their maximum 


returns. However, if there is proper 
balance, then all of society would 
benefit. 

This relationship is illustrated in 
Figure 2. The limited quantity of 
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Fig. 2. Relationship between net returns of a 
limited amount of land used for agriculture 
and for production of deer.* 


land has been plotted along the hori- 
zontal axis and is equal to OA. Quality 
of land declines from Oto A. The net 
returns that would accrue from the use 
of this land for agricultural production 
and deer production have been plotted 
along the vertical axis. Curve CC’ 
denotes the net returns that would be 
received from the use of different 
amounts of limited quantity of land 
in agricultural production. Curve DD’ 
denotes the net returns that would be 
received from the use of different 
amounts of this land for the production 
of deer. From this diagram, we may 
conclude that the maximum total re- 
turns would be obtained where curves 
DD’ and CC’ cross. This means OB 
acres of land would be used for agri- 
culture and BA acres of land would be 
used for the production of deer and 
would be the ideal situation from the 
viewpoint of society. 

If the deer herd is too large and’® 
overflows onto EB acres of land that 
should be used only for agriculture, 
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then society is not getting its fullest 
benefits. If EB acres of agricultural land 
are used only for deer production, then 
the well-being of society is reduced by 
the area XYZ. If some agriculture still 
continues in the area despite the deer, 
then the decrease in welfare would be 
equal to something less than the area 
XYZ. On the other hand, if the herd 
is too small, and only BF acres of deer 
land are used for deer, then the triangle 
GFA represents the net loss of welfare 
to society. 

The important problem at hand is 
the solution of these conflict situations. 
Most programs advocated to help solve 
the problem are merely tools to be used 
in reaching some pre-determined ob- 
jectives. Frequently these programs 
have been based on intuition and in- 
complete knowledge, or on pressures 
created by highly vested and vocal 
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groups. This procedure cannot, except 
by chance, lead to the greatest benefits 
to society. In the absence of some 
better criteria based on factual informa- 
tion it is suggested that this theory 
offers a good guide to the most desirable 
action. When this theory can be bol- 
stered by empirical research, perhaps 
the most ideal tools are at hand to 
improve the management of the deer 
herd. 

In Pennsylvania, a cost-benefit analy- 
sis of deer hunting is now underway. 
Another study deals with the attitudes 
of various interest groups. It is hoped 
that these findings, together with the 
theoretical framework within which 
these empirical studies are being con- 
ducted, will bring forth some tangible 
evidence on the problem and point out 
directions for action. 

Accepted for publication October 19, 1953. 


REVIEWS 


Wildlife in Alaska. By A. Starker Leopold 
and F. Fraser Darling. Ronald Press Co., 
15 East 26th St., New York City. 129 pp., 
22 photo., 1953. $2.75. 

In a well-written book two eminent ecolo- 
gists report on the wildlife resources of Alaska 
after a summer’s reconnaissance in 1952, made 
largely by airplane. Their extensive travels 
over the territory, together with interviews 
with Alaskans, knowledge of the literature, 
and broad ecological experience, served to give 
them quickly an excellent perspective of its 
wildlife problems. They were particularly 
concerned with the caribou, moose, and rein- 
deer, but deer, Dall sheep, and other species 
are also discussed. Perhaps the keynote of the 
report is: “A policy of wildlife conservation 
ideally should precede the penetration and 
development of any country new to civilized 
man.” It is the purpose of the book to plead 
before civilized man that he take heed of 
history and give attention to the Alaskan 
frontier before it is too late. 


The most significant portion of the book, 
aside from the general recommendations, is the 
discussion of the caribou. South of the Arctic 
Circle the caribou have dwindled amazingly, 
most strikingly in the Yukon-Tanana region. 
Why? Was it shooting; wolves; range depletion; 
herd shifting; or disease? The authors attribute 
the decrease primarily to range conditions, 
pointing out that over the years vast areas in 
interior Alaska have been burned, thus 
destroying the lichens, a favorite winter food 
of the caribou. How important are lichens? 
Thirty years ago Unimak Island and western 
Alaska Peninsula lichens were scarce, yet 
there were caribou. How long without lichens? 
Caribou are now gone from those areas. Why? 
Does scarcity of lichens have a long-time 
delayed-action effect on caribou survival? 
These are questions that come to mind and 
emphasize the need for more research. Although 
range conditions are of fundamental importance 
to the caribou, still one cannot be certain what 
caused the drastic reduction in the herds. The 
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caribou js a herd animal, easily killed in large 
numbers in many places as they make their 
long migrations. The building of highways 
across the migration routes, the increase of 
military and civilian personnel in past years, 
together with a large wolf population is a com- 
bination that could have made drastic inroads 
on the caribou herds. It has been conjectured 
that many of the Tanana-Yukon caribou may 
have drifted northward and mingled with the 
northern herds which apparently have in- 
creased in recent years. But regardless of the 
cause of the reduction in numbers the authors 
are on firm ground in emphasizing the im- 
portance of range conditions in caribou man- 
agement. It is of interest to note that the best 
available figure for the size of the Tanana- 
Yukon caribou population in 1952 was 5,000 
and that in 1954 about 30,000 were counted. 
However this larger figure is far below the 
estimates of 30 years ago, so does not change 
the picture. It only shows the need for more 
field work. 

The history of the reindeer herds is briefly 
summarized and figures tabulated showing that 
the herds increased rapidly and then decreased. 
It is difficult to evaluate the dependability of 
many of the figures available in reports, but 
there is no doubt about the general trend. 
Overgrazing of lichen range was the rule, and 
herding and care of reindeer was lax through 
the years. There are many stories of numbers 
of reindeer killed for dog feed, trapping bait, 
ete., but little of this information is docu- 
mented. The details are not readily available. 
Thirty years ago conservationists hoped that 
the reindeer could be confined to western 
Alaska and other areas where caribou were then 
absent, so that the reindeer could have no 
opportunity to cross with the larger native 
caribou, and thereby introduce an inferior 
inheritance and in reality destroy the caribou. 
This objective should still be a part of reindeer- 
caribou management. Some years ago we heard 
with dismay the sentiment expressed by a 
government official interested in reindeer that, 
“The caribou must go.” 

In the chapter on moose it is pointed out 
that the moose range is improved by forest 
fires. Particularly on the Kenai Peninsula and 
in the Susitna Valley have fires created 
abundant food resources of willow, aspen, and 
birch, and some of these ranges are over- 


stocked. In recent years moose have increased 
in interior Alaska and northward and west- 
ward, where also they are now more widely 
distributed. The authors tend to attribute 
the increase in the latter areas to fires and 
ameliorating climate, both factors increasing 
winter foods; however, thirty years ago there 
were large sections of excellent habitat in 
these areas with few or no moose, so the 
increase and expansion of range could be 
explained on the basis of less killing rather 
than improvement of range. Regulation of the 
kill and range preservation must both be 
emphasized in conservation and management. 

Wildlife in relation to territorial resources is 
evaluated and it is shown that fisheries and 
other wildlife products have dominated the 
economy in the past and are likely to continue 
to do so in the future. It is predicted that recre- 
ation will probably become a major industry 
and it is pointed out that recreation involves 
wildlife, and that the majority of tourists 
“come to see the scenery, the live animals in the 
parks, and simply wild country.” Because the 
economy is so heavily dependent on publie 
lands and waters it is apparent, as the authors 
point out, that the government agencies are 
carrying the major responsibility for Alaska’s 
future. 

A sympathetic review is given concerning the 
status of the Eskimo, Aleuts, and Indians in 
their relations to wildlife. 

The authors set forth sound and important 
conservation principles and recommendations 
in every chapter. It is urged that all agencies 
involved with wildlife and use of range should 
bring greater emphasis to protection of range, 
and that among other things they should 
cooperate in a comprehensive fire-control 
program over Alaska. Intensive range research 
is advocated as a basis for wildlife management 
policies. Their views on wolf control also, in 
part, concerns the range, as shown by the 
following statement: “Until it is demonstrated 
that hunters are harvesting the full crop, wolf 
removal is probably a disservice to the deer, in 
that it aggravates the natural limitation in 
range.’”’ Many will agree with the recommenda- 
tion that additional large blocks of the Alaska 
wilderness areas should be designated in the 
National Forests. It is pointed out that ‘one 
of the characters which makes Alaska attractive 
to visitors—the remoteness, the wilderness 
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flavor—is by no means assured.” In discussing 
forestry the opinion is expressed that “large 
areas of interior scrub forest should be left 
alone because they are beautiful and have great 
value for recreation. By recreation is not meant 
necessarily the opportunity to litter the forest 
with beer cans and explode firearms irresponsi- 
bly, but that mankind living in modern con- 
ditions of civilization shall have areas of retreat 
where there can be re-creation of spirit.’”” Con- 
cerning the policy of land use in Alaska there is 
the following statement: “In our judgment the 
values which already exist on much of the 
territory—wild fish and game, and the oppor- 
tunity for wilderness recreation—offer the 
highest use to which the land can be put. How 
to make the most of these assets, particularly 
of big game, is the subject of our essay.” 

This highly important book is a classic 
example of combining research with conserva- 
tion and social problems. The project was 
sponsored by The Conservation Foundation.— 


Animal Control in Field, Farm, and Forest. 
By W. Robert Eadie. Macmillan. 257 pp. 
1954. $3.75. 


This guide to the methods of controlling 
mammals that come into serious conflict with 
man’s interests is one that should be welcomed 


by all who are concerned with the problems 
of keeping populations of certain troublesome 
wild mammals under control. 

Although the author agrees that the develop- 
ment and use of preventive methods of control 
should be the primary goal of wildlife manage- 
ment, he points out that there will always be 
situations where regulated reductions (by 
killing) will be necessary. The greater part 
of his recommended control measures, es- 
pecially for rodents, consists of formulas for 
the preparation of poison baits and directions 
for their use. For the larger mammals his 
discussions center around techniques of trap- 
ping, the use of repellents, and the need for 
reducing game populations to levels where 
they will not cause serious damage. 

The book is divided into twelve chapters, 
each devoted to a particular group of mammals 
—cats, native rats and mice, hares and rabbits, 
the deer family, etc. For each animal discussed, 
there are sections on identification and habits, 
economic status, control measures, natural 
enemies, and a selected list of references to the 
scattered literature. 

The book is written in a simple, direct fashion 
so that the layman, as well as the technician, 
will find no difficulty in using it. Those who 
need a ready reference to the subject of pest 
animal control should find this book exceed- 
ingly useful.—W. B. Davis. 
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JOHN W. FREESE 
1916-1953 


John W. Freese was born October 10, 1916, 
at, Schenectady, New York. He entered service 
with the New York State Conservation Depart- 
ment as a temporary fish hatchery helper in 
1938. He was employed at various hatcheries 
during summer months until he graduated 
from Cornell University in June 1940 when he 
became a permanent hatchery employee. Mr. 
Freese was appointed foreman of the Depart- 
ment’s new Catskill Mountain Fish Hatchery 
at DeBruce, New York on May 1, 1947—a 
position he held until the time of his death 
April 19, 1953. 

Mr. Freese made an outstanding record in 
fish culture during his relatively short period 


of service with the Department. In addition to 
his regular responsibilities, he was interested 
in many other phases of conservation work and 
gave unstintingly of his own time to many 
Department activities other than fish culture. 
He was active in the instruction of youths at 
the Department’s Conservation Camp for Boys 
at DeBruce and in sportsmen’s programs in 
general. He was an accomplished amateur 
photographer and contributed frequently to 
the Department publications. He was a mem- 
ber of the Wildlife Society since 1952. 

The untimely death of this most able young 
man was a severe loss not only to his many 
friends and associates, but also to the entire 
field of wildlife conservation.—W. C. SENNING. 
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BRIEFER ARTICLES 


SOME DATA ON WISCONSIN PHEASANTS OBTAINED BY 
INTERVIEWING FARMERS 


Robert A. McCabe 
Department of Wildlife Management, University of Wisconsin 


On checking field notebooks from 1940, 1941, 
and 1942, I came upon some pheasant data 
which were gathered incidentally while working 
on Hungarian partridge. The material on the 
latter species has been published (McCabe, 
R. A. and A. 8. Hawkins, Am. Midl. Nat., 
36(1) 1946). These pheasant data are not com- 
plete for all three years. At this time I can 
offer no good reason as to why they are not 
consistent between years; nevertheless what 
has been gathered appears to be of some 
interest. 

The technique of field inquiry was to inter- 
view all farmers on a study area in southern 
Wisconsin. Those facts concerning the Hun- 
garian partridge were then checked by follow- 
up work in the field. Those concerning the 
pheasant were recorded but checked only inci- 
dentally to field work on the partridge. 

Farmer Interviews—lIn three years, 489 
interviews were made of all farmers in an area 
of about 50 square miles in northeastern Jef- 
ferson County. These farms were visited three 
times each year and inquiry was made of game 
and habitat conditions. Many of the farmers 


were well known to me. In only two cases were 
land owners hostile toward anyone associated 
with game. This antagonism was the result of . 
an unfortunate experience with an irresponsible 
sportsman. The data they withheld were often 
obtained eventually from one or more neigh- 
bors. Hay acreages were determined from a 
comparison of field size and a plat book. 
If an interviewer showed interest in the farm 
as well as the game on it, a most cordial re- 
lationship resulted, and any formal atmosphere 
gave way to a friendly chat about agriculture 
gencrally, and game specifically. A summariza- 
tion of results obtained from these interviews 
is presented in Table 1. 

Hay-MOwING AND Nest DestrucTrion—The 
total number of nests cut over increased in 
each of the two years after 1940 as did hay 
acreage per farm. The latter, however, in- 
creased only 11 and 8 per cent respectively. 
The number of nests cut over per farm in- 
creased 28 and 14 per cent and the state 
pheasant kill for the same years increased 34 
and 19 per cent respectively. The state kill is 
an index to pheasant abundance and since the 


TaBLe 1. 

1940 1941 1942 
Number interviews............ 139 171 179 
Number nests cut-over........ 64 110 133 
Number nests cut-over per farm .46 .64 (28% iner.) .74 (14% incr.) 
Aver. hay acreage perfarm.... 15.9 17.7 (11% incr.) 19.2 (8% incr.) 
Hay acres per cut-over nest.... 24.7 27.4 25.9 
Hens killed on nest............ pant 44 
Cut-over nest per hen killed ... 3.02 
44 
Aver. brood size............. [25] 9.44 
Farms per brood...........--. 1.86 
320 
Pheasants per farm........... ry 1.79 
Wis. pheasant kill............. 482,516 646,959 (34% incr.) 801,999 (19% incr.) 
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number of nests cut over per farm increased at 
a similar rate, increased nest mortality was 
apparently due to a rise in population rather 
than in a change in farming practices. 

The hay acres per nest cut over decreased 
over the three-year span as might be antici- 
pated from a greater increase in the pheasant 
population than in hay acreages. 


Hen Morrauiry—In 1942, special effort 
was made to gather information on the number 
of hens killed by the hay-mower. Forty-four 
hens were killed in the mowing of 3,441 acres 
of tame hay. Of 133 nests cut over, one hen 
was killed per three nests. In the same year, 
Irven O. Buss (Bull. 326, Wis. Cons. Dept., 
1946) found 8 hens killed in 35 hayfield nests 
or about one hen per four nests cut over. His 
study area was about 25 miles west of mine 
but the land use was similar. 

Eugene H. Dustman (Jour. Wildl. Mgt., 
14: 225-234, 1950) reports that in 1946 on a 
study area of 784 acres, one hen pheasant was 
killed per 6.1 acres of mill-cut alfalfa. The next 
year under similar circumstances, on an area 
of 560 acres, one hen was killed per 7.6 acres. 
In Wisconsin, where mill-cutting is uncommon, 
one hen is killed per 78 acres of hay (1942). 

Size—Clutch-size data are rela- 
tively meager. In spite of numerous recollec- 
tions reported, only reliable observations are 
included. The results of the three-year survey 
are as follows: 


1940 1941 1942 
No. clutches 35 5 19 
Mean clutch 11.4 11.8 10. 
St. error of mean 1.96 1.74 0.60 


There was no significant difference (.05 level) 
in clutch size between years. 


Broop OBsERVATION AND” Huntina 
suLts—Observations on “brood sizes were re- 
quested in 1940. In all, 44 broods were seen by 
farmers in their daily activities. Of these, only 
25 counts on number of birds per brood were 
accurate enough to be used in determining 
average brood size, which was 9.44. This 
figure seems high in light of other pheasant 
brood data in Pittman-Robertson quarterly 
reports from many states, and is likely biased 
toward the younger age classes seen during 
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hay-mowing. Hay-mowing is done at a time 
when broods are large and observation condi- 
tions best and would thus tend to favor larger 
brood sizes. 

In one year (1942), I asked also for the 
number of pheasants known to have been 
killed on each farm during the hunting season. 
Three hundred and twenty cocks were killed 
on 179 farms or about two birds per farm. 
Although I have no other comparable figures 
for Wisconsin, this seems to be high, and 
probably reflects the all-time pheasant high in 
1942 as indicated by the state kill records of 
the Wisconsin Conservation Department. 

GENERAL COMMENTS ON INTERVIEWING 
Farmers—No two persons will approach an 
interview in the same way except perhaps 
vacuum cleaner or brush salesmen, nor will 
any two individuals react to an interview in 
the same way. The midwest farmer is apt to 
be reticent to discuss his farm and the game on 
it to the casual passerby. One very important 
way to gain his confidence is by proper intro- 
duction. Be sure to pronounce your name 
clearly so that it is understood. Next, explain 
your affiliation and the purpose of your visit. 

Coming directly to the point may be fine 
when interviewing an office manager, but the 
farmer generally wants to converse a little 
before being asked pointed questions; appar- 
ently this preliminary conversation gives him 
a chance to size up the interviewer. The time 
allotted by the farmer will depend a good deal 
on the impression one makes in this brief post- 
introduction chatting. 

New equipment, buildings, or farm practices 
make excellent conversation pieces. My favor- 
ites were tractors, quality of hay, and breeds 
of cattle. For the farmer, it was an occasion 
to talk about matters on which he was an 
expert. The interviewer incidentally receives, 
among other things, an agricultural education 
from many experienced teachers. The shift of 
talk of farming to game on the farm occurs 
almost without effort. If your questions are 
carefully chosen, and timed to cover the salient 
points rapidly, much can be learned and you 
will be welcome again. This system has func- 
tioned successfully many times since 1940 in 
obtaining information on farm game. 


Accepted for publication November 20, 1953. 
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PARASITIC GASTRITIS OF ELK 
D. F. Eveleth and F. M. Bolin 
North Dakota Agricultural College, Fargo, North Dakota 


In most cases of ruminant parasitism of the 
gastrointestinal tract, more than one type of 
nematode is involved. The following case 
report illustrates an instance in which severe 
gastroenteritis was caused by a single species of 
Trichostrongyle. 


On September 16, 1953, Dr. R. G. Flickinger 
of Fargo, North Dakota was called to treat a 
mature cow elk (Cervus canadensis) on a farm 
near Moorhead, Minnesota. The animal was 
emaciated although until just a few days 
previously she had exhibited good appetite. 
At the time of examination this animal had a 
mild diarrhea. Other symptoms included a 
marked nervousness and a tendency to be 
pugnacious. Because of the weakness and 
general debility of the animal, she was shot 
and brought to the laboratory for post mortem 
examination. 

The elk was extremely emaciated but the 
partially filled rumen indicated she had eaten 
some hay and oats recently. The abomasum 
contained very little ingesta and presented 
inflammation of the entire mucosa with small 
areas of necrosis. The inflamed area extended 
about 10 cm. into the duodenum. The re- 
mainder of the intestinal tract appeared 
normal. Lungs were slightly congested and a 
few lung worms, Dictyocrulus viviparus, were 
found in the bronchi. Other visceral organs 
appeared normal. Examination of feces re- 
moved from the rectum was negative for 
nematode ova. The content of the intestines 
was negative for parasites. Smears made from 
scrapings from many areas of the abomasum in 


every instance revealed many small nematodes, 
Trichostrongylus axet. 

A small herd of elk had been transported 
from Montana to the Minnesota farm during 
the summer of 1952. They were all healthy 
until a cow died in July, 1953. No examination 
was made on this animal. 

A two-month-old calf died July 28, 1953 and 
was examined the following day. This calf 
presented the same type of gastritis as did the 
cow that was examined later. Fecal examination 
was negative for parasites, however, due to 
advanced post mortem decomposition no 
scrapings of the abomasum were made. 

The elk herd had been penned separately 
from a herd of bison until June, 1953. At that 
time the two herds had been put together and 
in less than a month the first elk cow died. 
None of the bison sickened or have been 
examined for parasitism. It did not appear 
worthwhile to examine bison feces for parasite 
ova as they had had ample time to become 
infected from the elk by the time we were 
consulted. 

General management and feeding practices 

on this farm were of such a nature that para- 
sitism would be perpetuated if once started. 
Oats and hay were fed on the ground and the 
animals were maintained in a relatively small 
area. 
The authors wish to thank Miss Alice 
Goldsby, formerly of the Department of 
Veterinary Science, North Dakota Agricultural 
Experiment Station, for confirming the identity 
of the parasites. 

Accepted for publication November 17, 1953. 
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A TOOL FOR BEAVER DAM REMOVAL 


M. Clair Aldous 
U.S. Fish and Wildlife Service, Fort Peck, Montana 


Most game men at one time or another have 
to remove beaver dams. Personnel at the Fort 
Peck Game Range usually have this job to do 
two or three times a year. Previously, dyna- 
mite had always been used to tear out beaver 
dams, but in December 1952, when dynamite 
was not immediately available, a substitute 
method ,of dam removal was devised. It was 
decided to experiment with a hook attached 
to the winch of a Dodge ‘‘ Power Wagon.” 


The hook was built in half an hour from 
scrap material. A piece of 2’ x 2” x 48” mild 
steel was bent to form the hook; a piece of 
2” pipe was welded on for a handle; and a 
piece of 14’ x 16” angle iron was welded on 
for a foot brace (Fig. 1). A 5/8” hole was 
drilled through the top end of the hook, and 
a piece of cable was threaded through and 
clamped. 


Fic. 1. A close-up view, showing construction 
details of the hook. 


Using the hook, two men completely re- 
moved a 30-foot beaver dam in two hours. 
One man operated the winch, and the other 
pulled the hook back and set it into the dam. 
The point of the hook was put well into the 
lower part of the dam, and as the winch started 
to take up the slack cable, the hook operator 
put both feet on the cross-piece and pulled 
back on the handle until the hook was set 
solidly. As the hook was pulled, it rolled ap- 
proximately a half yard of material out of the 
dam, and the released water carried part of 
the loosened material away. Two “pulls” made 
an opening sufficiently large to release all the 
water in the impoundment. 

The number of “pulls” required would de- 
pend upon size of dam and on how completely 
it must be destroyed. 

A hook of this type might be useful on other 
areas where beaver dams must be destroyed; 
for example, areas on which personnel are not 
experienced in handling dynamite, or areas on 
which the dam to be removed is adjacent to a 
water-control structure or a ditch, or areas on 
which waterfowl are nesting and the blasting 
would disturb nesting birds. 

In those instances in which a vehicle equipped 
with a winch would not be available, a crawler 
type tractor or a farm tractor could probably 
supply the power. 

The cost of removing the 30-foot beaver 
dam plus the estimated cost of building a hook 
such as the one described, if materials had to 
be bought and the welding and bending had to 
be done commercially, is as follows: 


Welding and bending $15.00 
Metal—50 Ibs. @ 15clb. 7.50 
Vehicle 1.15 
Labor 6.12 

$29.77 


The beaver subsequently rebuilt the dam 
which was torn out with the hook. It backed 
up water which interfered with hydrology 
studies by another agency, which requested 
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and was granted permission to blow out the 
dam with dynamite. A cost statement was 
furnished for comparison of the two methods 


of eliminating the same dam. 
Cost of dynamiting was as follows: 
Dynamite 2.76 
Caps 1.21 
Vehicle 1.60 
Labor 21.31 
$26.88 


Once the hook was made, subsequent costs 
would be for labor and vehicle only, which 


would give a cost comparison of about $7.27 
for hook removal as compared to $26.88 for 
dynamiting. 

Neither method of removal is permanent 
in this area, even if all beaver are trapped 
from the area prior to dam removal, because 
outsiders move in and rebuild. 

The winch-powered hook is an inexpensive, 
easily built piece of equipment for beaver dam 
removal on those areas on which dynamiting 
is not feasible. 

The author gratefully acknowledges the 
assistance of R. 8. Rodgers and H. H. Jones. 


Accepted for publication February 18, 1954. 


THE NORMAL TEMPERATURE OF THE COLUMBIAN BLACK-TAILED DEER! 


I. McT. Cowan and A. J. Wood 
Dept. of Zoology, Univ. of British Columbia, Vancouver, B. C. 


In the course of a long-term study of the 
adaptation of North American wild ungulates 
to optimal and marginal environmental circum- 
stances, it has been our constant finding that 
there is a dearth of normal physiological values 
with which one can interpret both experimental 
and field observations. The virtue of such 
normal values for the understanding of patho- 
logical or atypical states is apparent. 

Since the black-tailed deer (Odocoileus 
hemionus) is one of the most abundant and 
widely distributed species, it seemed a logical 
choice with which to initiate the present study. 

Of immediate pertinence to studies of growth 
and nutritional requirements in progress at this 
laboratory, was an indication of the normal 
body temperature and its variation diurnally 
and with age. 

The observations were made on four animals. 
The two adult does used have been in the 
colony four years and hence have a known 
nutritional and environmental history. Of the. 
two male fawns one was conceived and born 
in our herd. The other was a wild-born fawn 


1 Financial assistance was received from the 
National Research Council of Canada. 


from Vancouver Island, raised in captivity. It 
had been under our standard conditions for 
six weeks prior to the observations. The two 
fawns had achieved near maximum growth 
rate and in fact 1 H was passing over the 
pubertal break in its growth curve when the 
temperatures were taken. The weights of the 
four animals are shown in Table 1. 

As the animals do not lend themselves well 
to the use of the thermocouple technique, 
standard rectal thermometers were used. The 
thermometers were checked for accuracy. Prior 
to the collection of our temperature records, it 
was established that the insertion of the ther- 
mometer did not upset the animal. Repeated 
measurements at short intervals revealed little 
or no variation in the temperature recorded. 
Even in the case of fawns, the manipulation 
necessary for insertion of the thermometer 
caused no disturbance. The animals were not 
restrained in any way. 

Observations were taken three times a day 
at approximately 4-hour intervals beginning at 
8 a.m. for a period of one month. Those of the 
does were intrauterine, and the fawns were 
intrarectal. From three to five minutes were 
allowed for temperature equilibration at each 
observation. External temperatures during the 
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TasBLe 1.—SummMary or ExPERIMENTAL OBSERVATIONS ON Bopy TEMPERATURE OF COLUMBIAN 
BLACK-TAILED DEER 


Mean Mean Mean 
Weight | Morning Noon Evening 

Animal Sex Age lbs. temp.! temp. temp.! Mean 

8 a.m. 12 noon 8 p.m. 
8 F 5 yrs. 155 101.1 100.1 100.9 101.1 
D F 3 yrs. 135 101.1 101.0 100.4 100.8 
Mean 101.1 101.1 100.6 100.9 
1H M 4 mos 65 101.9 101.5 101.9 101.8 
4H M 4 mos 60 102.3 101.9 101.6 101.9 
Mean 102.1 101.7 101.8 101.9 

1 Degrees Fahrenheit. 


period of observation ranged from 68.6 to 33.0 
with a mean of 51.3 degrees Fahrenheit. 

The diurnal fluctuations in temperature are 
small but in this respect do not differ appreci- 
ably from those recorded by Dukes, 1947 (The 
Physiology of Domestic Animals, Comstock, 
Ithaca). 

The day-to-day variation in temperature 
over the period of experimental observation was 
greater than the diurnal. For example in the 


realizes that such fawns will have a corres- 
pondingly greater energy requirement to 
maintain their homeothermic state. 

For purposes of comparison Table 2 presents 
our findings with those recorded for other 
species. 


TABLE 2.—CoMPARATIVE NORMAL 
TEMPERATURES OF UNGULATES ! 


case of doe S, the onset of estrus was accom- Species Mean ? Range 2 
panied by an elevation in temperature to ; 

102.6° F., thus the range for this doe was from Black-tailed deer (ad.) 100.9 100-102.6 
100-102.6 but neglecting estrus 100-101.6° F, _Black-tailed deer (juv.)| 101.9 101-103.6 
The temperature of the fawns was less stable Beef ERS & 101 98-102.4 
than that of the does. In the case of fawn 1 H Sheep ee ay 102.3 | 100.9-103.8 
for example, the morning temperature ranged Goat occ ccccceccccese 103.8 101.7-105.3 
from 101.6 to 102.6, and in 4 H from 101 to Pig er ee ed 102.5 101.6-103.6 
103.6° F. It is our firm conviction that this Dog eoccccccccccccccs 102 100. 2-103.8 


variation is real and does not arise from the 
conditions of measurement. It is our intention 
to record by means of suitable thermocouple 
techniques more detailed observations on this 
species from birth to maturity. 

It is worthy of note that the mean rectal 
temperature of the growing fawns is one degree 
higher than that of the mature does. The 
significance of this higher temperature to the 
nutritive requirements is apparent when one 


1 Figures other than deer from Dukes (1947). 
2 Degrees Fahrenheit. 


Much more data of this kind are needed."It 
is our hope, in publishing these observations, 
that it may encourage others to record similar 
values for this species in different parts of its 
range, as well as for other wildlife species. 


Accepted for publication January 26, 1954. 
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MAP GRIDS FOR FIELD NOTES 


James T. Tanner 


University of Tennessee, Knoxville, Tennessee 


A grid system for locating points on a map, 
similar to a system used for the control of 
artillery or naval gunfire, has proved very 
useful in my field work. The system consists 
of superimposing a numbered grid on a map as 
in Figure 1, and designating each point on this 
map by a four-digit number. The first two 
digits of this number indicate the distance to 
the right of the origin of the grid, which is in 
the lower left corner, by the number of lines 
plus tenths of the interval between lines, while 
the second two digits similarly indicate the 
distance of the point above the origin or bottom 
of the grid. For example, the point a is 12 
intervals to the right of ard 2.4 intervals above 
the origin, so it is designated by the number 
1224. The sequence of going to the right and 
then up can be remembered by the directions 
“Read right up.” The lettered points on the 
map are indicated as follows: a—1224, b— 
0842, c—4020, d—4502, e—7137. 

If more than ten lines are used in either 
direction of the grid, each line must be given 
two numbers, beginning with 00, 01, etc., and 


a six-digit number is used to indicate each 
point. If Figure 1 had such a grid, point a 
would be 012024. 

This system has proved very useful and time- 
saving in designating points or localities when 
making field notes, in describing local move- 
ments of birds, and in a study of nesting 
birds. The advantage of the system is that 
every point in the grid has a number which is 
determined by its position and thus is related 
to every other point in the grid. 

Spacing of the grid lines is arbitrary, and 
should be determined by the accuracy with 
which points need to be located and can be 
located. If, for example, points in an area 
can be located on the map with an accuracy of 
about 50 yards, there is no reason to have grid 
lines closer together than 500 yards. On some 
slopes it is possible to use contour lines for one 
set of lines, with the advantage that part of 
the number will indicate the altitude of each 
point. 


Accepted for publication March 1, 1954. 
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Fig. 1. Map with grid to illustrate use of grid in locating points. 
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MOURNING DOVE PRODUCTION IN SOUTH CENTRAL NORTH DAKOTA 


Robert N. Randall 
U. S. Fish and Wildlife Service, Bismarck, North Dakota 


An attempt was made during the summer of 
1952 to obtain data on breeding populations 
and production of mourning doves (Zenaidura 
macroura) in two types of nesting cover in the 
vicinity of Bismarck, North Dakota. Although 
doves are common in North Dakota, there is 
little information on their productive capacity 
in the state except for work by Boldt and 
Hendrickson (Mourning Dove Production in 
North Dakota Shelterbelts, 1950. Jour. Wild. 
Mgt. 16: 187-191) in the vicinity of James- 
town. 

The two areas studied were selected primarily 
for convenience. One was a shelterbelt typical 
of many windbreaks around farmsteads of the 
central North Dakota prairies. The other was 
an isolated patch of natural cover in the head 
of a small coulee. 

The shelterbelt was located at a farmstead 
about 2 miles north of Bismarck. The main 
part of the belt was planted in the mid-1930’s; 
additional plantings were made about 10 years 
later. The belt occupied 1.7 acres and was 
roughly “U” shaped. Woody species were 
Siberian elm (Ulmus pumila), American elm 
(Ulmus americana), green ash (Frazinus 
pennsylvanica), boxelder (Acer negundo), cot- 
tonwood (Populus deltoides), Russian olive 
(Elaeagnus angustifolia), Siberian peashrub 
(Caragana arborescens), and American plum 
(Prunus americana). Except for one small part 
of the shelterbelt where there were small dense 
thickets of plum, and except for grasses and 
forbs, there was little understory. Topography 
of the area was nearly flat. 

Part of the area was used by poultry during 
the summer. Small grain was grown on most of 
the surrounding lands. An abandoned farm- 
stead where growth of forbs was luxuriant was 
adjacent. With the exception of water put out 
for poultry, the nearest known available water 
was a small pond about one-quarter mile 
distant. 

The second area was about 14 miles north- 
east of Bismarck, in the upper reaches of a 
small natural coulee which drains generally to 
the north. Woody vegetation which provided 


nesting cover occupied about 3.8 acres. The 
area was long and narrow, averaging no more 
than 75 feet wide and extending for about 2,200 
feet. Of the two species of trees present, bur 
oak (Quercus macrocarpa) and green ash, the 
oak was most abundant. There also were small 
patches of hawthorn (Crataegus rotundifolia), 
Juneberry (Amelanchier alnifolia), choke- 
cherry (Prunus virginiana), and buffalo- 
berry (Shepherdia argentea). The southern 
two-thirds of the coulee was in a pasture, with 
comparatively little shrubby vegetation. The 
rest was only lightly grazed; considerable 
western snowberry (Symphoricarpos occiden- 
talis) occurred in the understory and along the 
sides of the coulee. The area was surrounded by 
prairie grassland except for a small grainfield 
at one end. Water was present in a small horse 
trough near the center of the area and in Hay 
Creek about a quarter of a mile away. 

An attempt was made to examine all possible 
nesting sites in both areas. Only active nests 
were recorded. Each active nest was marked 
by a bit of red flagging tied to a lower limb of 
the tree or bush in which it was found and was 
spotted on a map. 

On each visit all nests that were active, or 
had been active, were checked and their status 
recorded. The belief that figures obtained 
represent a minimum count was borne out 
by finding, on several occasions, nests of the 
year which obviously had held young birds. 
These nests were not included in the tabulation 
of data. 

The first nest containing eggs was observed 
in the coulee on May 18, but it was not until 
May 24 that a systematic attempt was made 
to locate nests. On the latter date six active 
nests were located. In addition, 12 empty 
nests were found, two of which contained 
evidence of eggs which had been destroyed. - 
The shelterbelt was first visited on May 25 
when seven active nests, one with two young 
birds, were located. Figure 1 shows dates on 
which nests were inspected in coulee and 
shelterbelt, and number of active nests. A 
breakdown showing number of nests with eggs 
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and with young is also shown. Individual nests 
were checked at other times for the purpose of 
banding young or for spot-checking for possible 
destruction after windstorms. 

A total of 123 nests were found in the coulee. 
There were 156 nesting attempts in these for an 
average of 1.26 attempts per nest. Twenty- 
three nests were observed in the shelterbelt, 
with a total of 31 attempts for an average of 
1.34 attempts per nest. In the coulee 69.9 per 
cent of nestings were successful while in the 
shelterbelt 77.4 per cent were successful. A 
nesting was considered successful if at least 
one young was reared to 12 days, and in no 
case was there evidence that young of this age 
did not fly safely. Of 312 eggs checked in the 
coulee, 72.1 per cent hatched; of 225 which 
hatched, 93.8 per cent were fledged. Of 60 
eggs in the shelterbelt 80 per cent hatched. All 
produced young to the flying stage. 

A high degree of nesting activity occurred in 
the coulee from early July until the second 
week in August. The number of active nests 
during this period varied from 44 on July 9 
and 16 to a low of 40 on July 25, with a seasonal 
peak of 46 on August 9 (Fig. 1). After this, 
activity fell off quite rapidly. The last nestlings 


observed were brought off on September 21; 
however, on October 2, two young birds which 
were believed to have been out of the nest only 
3 or 4 days were seen in the area. 

Nesting activity appeared to reach a peak in 
the shelterbelt much earlier than in the coulee. 
The greatest number of active nests in the 
shelterbelt occurred on June 13 when 11 nests 
with either eggs or young birds were observed. 
Nesting intensity remained fairly high through 
July. It ceased on September 5, about 2 weeks 
earlier than in the coulee. 

The greatest number of active nests found 
on a single day is considered to represent the 
approximate nesting population. The indicated 
population in the coulee was 46 pairs, or 24.2 
birds per acre. Figures for the shelterbelt 
indicated a population of 11 pairs or 12.9 
birds per acre. The two areas produced a total 
of 259 young to the age of at least 12 days. 
Two hundred and eleven of these were in the 
coulee and 48 in the shelterbelt. There were 
55.4 and 28.2 young per acre produced on the 
respective areas. 

There was little evidence as to preference of 
species of trees or shrubs for nesting. Although 
a careful analysis of the relative amount of 
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Fic. 1. Date of inspection and number of active nests in the two areas. Solid bar indicates nests 
with eggs while open bar indicates nests with young. 
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each species present was not made, it appears 
that nests were largely placed according to 
availability of cover, and distribution was 
fairly uniform. In the coulee all principal tree 
and shrub species that would provide suitable 
nesting sites were used. Distribution of nests by 
percentage was as follows: oak, 74.8; green ash, 
12.0; hawthorn, 5.7; chokecherry, 4.9; buffalo- 
berry, 0.8; and on the ground, 0.8 per cent. The 
shelterbelt provided a different variety of 
woody species. Cottonwood, Siberian peashrub, 
green ash, and wild plum were not used but 
they were least important in the make-up of the 
shelterbelt. Species used were American and 
Siberian elm, both with 43.5 per cent of the 


nests, boxelder, with 8.7, and Russian olive 
with 4.3 per cent. 

Predators were rather scarce on both areas, 
as suggested by the high nesting success. 
Although strong winds struck the areas on 
several occasions there was little evidence of 
nest loss from this source. In only two cases is 
it believed that wind was responsible for 
destruction of nests. 

During the course of the study 126 doves 
were banded, of which only two were adults. 
One dove banded at the age of 10 days was 
recovered in Crosby County, Texas, 50 days 
later. 

Accepted for publication November 21, 1953. 


A TECHNIQUE FOR NIGHT IDENTIFICATION OF ANIMALS 


Wilmer C. Richter 
Pennsylvania Game Commission, Harrisburg, Pa. 


Often during the progress of a study, the 
investigator is hampered or must omit poten- 
tially valuable phases of endeavor because he 
has no satisfactory method for identifying 
specific individuals or groups of individuals at 
night. With this in mind the writer began ex- 
perimenting with ‘“Scotchlite” tape to deter- 
mine whether a technique could be developed 
which would permit the identification of 
animals under artificial light. 

Wide-angle, pressure sensitive, flattop 
“Scotchlite” reflecting sheeting in silver, gold, 
yellow, red, and gray-blue was utilized for this 
experimental work. The pressure sensitive 
reflective sheeting was chosen primarily for 
its adhesive qualities and was found to be most 
easily applied to a variety of surfaces. 

It was necessary to ascertain whether the 
reflective sheeting could be seen at sufficient 
distances to be of practical value in the field. 
Various-sized celluloid disks were cut (5/8”, 
3/4”, 1”, and 1-1/2”) and “Scotchlite” affixed 
to the disks. These disks were then pinned to 
trees, and two-, three-, and five-celled flash- 
lights and an automobile spotlight were used 
for illumination. The three- and five-celled 
flashlights and the automobile spotlight pro- 


vided what appeared to be adequate reflection 
of all the colored disks for field identification. 

Even though the initial phase of the in- 
vestigation showed that the reflective surfaces 
of varied size could be seen at sufficient dis- 
tance to have practical field application, it was 
still necessary to determine whether field 
identification of individual animals at night 
would be possible. Because the writer could 
not devote full time to the investigation in 
determining techniques adaptable for various 
species, he arbitrarily selected the cottontail as 
an experimental animal. 

Variously colored disks of the reflective 
sheeting were cut and pressed to the 5/8” 
plastic washers used in conjunction with the 
style #41 (National Band and Tag Company) 
ear tags employed by the Pennsylvania Game 
Commission for tagging cottontails. As cotton- 
tails were trapped, a tag was put on each rab- 
bit’s ear with the prepared plastic washer placed 
on the back of the ear, reflective side out. 

At night the writer went to areas where he 
felt the cottontails would be feeding and 
attempted to locate tagged individuals. At 
first a three-celled flashlight was used as the 
source of light but it proved to be of insufficient 
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cottontails. (Photos by Crooks) 


brilliance to pick up the flashes of color at a 
distance. The five-celled flashlight was much 
more effective for field identification. 

Cottontails thus marked were readily 
identified in the field. 

Since only five colors were available it 
became necessary to experiment with various 
patterns so that a greater number of individuals 
could be marked and identified. Thus far, 
washers of full color, one-half disks, parallel 
bars, colored triangles, and crosses have pro- 
vided effective identification with the unaided 
eye (Fig. 1). Binoculars are needed to make 
positive identification of some of the less 
brilliant patterns or to identify patterns at 
some distances. Additional patterns and color 
combinations are being tested as opportunity 
permits. 

Although all possibilities of various patterns, 
combinations of colors, and tagging techniques 
have not been fully explored, the writer felt 
that the initial technique should be reported 
at this time so that others having need for 
night identification of various species might 
avail themselves of this information and 
adapt it to their particular needs. 

During the course of the investigation 
supplementary information was obtained which 
may be of interest and value to others. 

Yellow and gold are difficult to distinguish in 
individual specimens unless one becomes very 
familiar with the two colors. Silver is the most 
reflective and can be seen from the greatest 


distance. When using combinations of colors, 
the more reflective color, especially silver, tends 
to diffuse and make identification of companion 
colors difficult. Reflective surfaces are readily 
seen in sunlight. Solid colored disks (5/8”) are 
readily identified in weeds and brush but 
patterns are difficult to recognize unless the 
observer is rather close. Tape will not adhere 
well to painted surfaces of plastic washers as 
the paint cracks and peels off. 

Size of markers, source of light, and the 
small number of colors now available limits 
the number of individuals which can be success- 
fully marked and identified. 

The reaction of tagged individuals (species) 
to the light will in a large measure determine 
the technique of tagging, banding, etc., to be 
used. Undoubtedly special techniques will have 
to be developed for various species and some 
by their very nature and habitat may not be 
adaptable to this type of night identification. 

Exactly how long the reflective tape will 
remain on the washer is not definitely known, 
however, one cottontail retained his marking 
for four months and three days. 

The writer wishes to express his appreciation 
to the Philadelphia Branch of the Minnesota 
Mining and Manufacturing Company which 
provided the swatches of the wide-angle pres- 
sure sensitive flattop ‘‘Scotchlite” reflective 
sheeting used in this investigation. 


Accepted for publication April 3, 1954. 


Fic. 1. Flash photographs illustrating the use of reflective tape for night identification of 
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